THE JOURNAL OF 
ENGINEERING 
EDUCATION 


Published by the Society for the Promotion of 
Engineering Education 


R. L. Sackett, O. M. Leland, F. L. Bishop, Editor, University of Pittsburgh. 
Published at Lancaster, Pa. 


Entered as second-class matter at the Post Office at Lancaster, Pa., under the 
Act of March 3, 1870. 


New Series 
Voi. XVIII. No. 8. AprIL, 1928 


Subscription Price, $3.00 per 
year. Copies, 50 cents 


TABLE OF CONTENTS. 


Program of Entertainment, Annual Meeting, June 26-29, 1928.... 
The Summer School for Teachers of Physics and Electrical Engi- 
neering. R. L. Sackett, President of the Society 
Summer Schools. H. P. Hammond, Associate Director of Investi- 
gations 
Highway Research at the University of North Carolina. H. F. 
Annual Meeting: 
A Study of the Learning Process. Donald D. Curtis.... 
Note on Adult Education in Concrete Technology. W. K. Hatt. 
Knowing Something without Knowing Everything Else as a Prere- 
quisite in Electricity and Heat. Lewi 
D’Alembert’s Principle and its Relation to the Inertia Force. F. B. 
Farquharson 
The Pound as Compared with the Slug as a Unit of Mass. T. F. 
Hickerson 
On the Teaching of Isometric Drawing. Rudolph Michel......... 
Two Courses in Public Speaking for Engineers. Winward Prescott. 
A. E. S. C. Symbols for Heat and Thermodynamics 
College Notes: 
Case School of Applied Science 
University of Idaho........ 


ili 
775 


776 


| Fig 
Published under the supervision of the Publication Committee. i 
} 
= 
4 790 
804 
807 
823 
836 
842 
843 
850 
9 4 
1 
4 
4 a 
j 


University of Southern 


Sections and Branches: 
North Carolina State College Branch.............sseeeeeeees 
Book Reviews: 
Introductory 
Elements of Machine 


‘ 
CONTENTS. 
ii 
ii 
iv 
iv 
vi 
vii 


PROGRAM OF ENTERTAINMENT. 
36TH ANNUAL MEETING OF THE SOCIETY, 


University oF NortH CAROLINA, 
Hix, 


JUNE 26-29, 1928. 


Tuesday, June 26. Supper at Duke University, guests of 
Duke University. 


Wednesday, June 27. Luncheon at the Carolina Inn. 
Guests of the University of North Carolina. Brief 
welcoming remarks by President Harry W. Chase. 
Tea for the ladies. Afternoon. 
Annual Dinner of the Society at the Carolina Inn. 
Presentation of the Lamme Medal. 
Address by O. Max Gardner, introduced by Archibald 
Henderson. 
A special performance of the Carolina Play Makers in 
Folk Plays. This will follow immediately upon the 
close of the dinner. 


Thursday, June 28. Luncheon at Raleigh, guests of the 
North Carolina State College of Agriculture and En- 
gineering. Visit of inspection of grounds and lab- 
oratories. 

Typical Southern Barbecue at Cape Fear steam plant, 
guests of the Carolina Power and Light Company. 
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THE SUMMER SCHOOL FOR TEACHERS OF 
PHYSICS AND OF ELECTRICAL 
ENGINEERING. 


Announcement has been made of the summer schools to be 
held at the Massachusetts Institute of Technology for teachers 
of physics and at the University of Pittsburgh, jointly with the 
Westinghouse Electric and Manufacturing Company, for teach- 
ers of electrical engineering. 

The profession of teaching in schools of engineering has been 
alert to the importance of the subject matter taught. The 
schools for teachers of mechanics held at Cornell University and 
at the University of Wisconsin last summer were evidence of an 
awakening respect for the methods of teaching. 

The two schools projected for July, 1928, are further indica- 
tion that the Investigation is bearing more fruit and a large at- 
tendance at these schools is important because it will demon- 
strate that the Society is capable of ministering to its own 
needs. 

A good enrollment will also show that administrators are 
supporting this project to improve the technique of presenta- 
tion. 

A good attendance will also prove that members of our 
faculties are keen to increase their class-room efficiency and to 
conserve time which is of the essence of our contract to teach 
that which is most important and to do it as well as possible. 

R. L. SACKETT, 
President of the Society. 
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THE SUMMER SCHOOL FOR ENGINEERING 
TEACHERS, SESSIONS OF 1928. 


NOTES CONCERNING THE SESSION ON 
ELECTRICAL ENGINEERING. 


BY H. P. HAMMOND, 
Associate Director of Investigation. 


Plans for the two sessions of the Summer School to be held 
during the coming summer are practically completed. The 
following paragraphs give the names of the members of the 
staff and an outline of the program of the session on electrical 
engineering. A similar article in the next issue of the Jour- 
NAL will be devoted to the session for teachers of physics. 


STaFr 
Directors 


F. L. Bishop, Professor of Physics, University of Pittsburgh; 
Secretary, Society for the Promotion of Engineering Educa- 
tion. 

C. F. Seott, Professor of Electrical Engineering, Yale Univer- 
sity; Chairman, Board of Investigation and Coordination, 
Society for the Promotion of Engineering Education. 


Secretary of the Conference 


H. E. Dyche, Professor of Electrical Engineering, University of 
Pittsburgh. 


Teachers of Electrical Engineering 


Edward Bennett, Professor of Electrical Engineering, Univer- 
sity of Wisconsin. 

E. L. Bowles, Associate Professor of Electrical Communications, 
Massachusetts Institute of Technology. 

H. E. Dyche, Professor of Electrical Engineering, University of 
Pittsburgh. 

C. F. Harding, Professor of Electrical Engineering, Purdue 
University. 
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Vladimir Karapetoff, Professor of Electrical Engineering, Cor- 
nell University. 

A. E. Kennelly, Professor of Electrical Engineering, Harvard 
University. 

A. E. Knowlton, Assistant Professor of Electrical Engineering, 
Yale University. 

H. M. Turner, Associate Professor of Electrical Engineering, 
Yale University. 

W. R. Work, Professor of Electrical Engineering, Carnegie In- 
stitute of Technology. 


Educational Adviser 


G. H. Alderman, Dean, School of Education, University of Pitts- 
burgh. 


Representing the Westinghouse Electric and Manufacturing Company 
C. 8. Coler, Manager, Educational Department. 
E. B. Roberts, Educational Department. 


Lecturers 

Westinghouse Electric and Manufacturing Company 
C. Bergvall, General Engineering Department. 
C. Brinton, Manufacturing Engineer. 
S. Coler, Manager, Educational Department. 
M. Dudley, Engineering Supervisor of Development. 
C. Hanker, Manager, Central Station Engineering. 
E. Hellmund, Chief Electrical Engineer. 
L. Henderson, Power Engineering Department. 
M. Kintner, Manager, Research Department. 
8S. McClelland, Director of Personnel. 
A. Merrick, Vice President and General Manager. 
F. Miner, Manager, Materials and Process Engineering De- 


. Newbury, Manager, Power Engineering Department. 
. Pace, Director of Sales. 


. Roberts, Educational Department. 
. Rugg, Vice President in Charge of Engineering. 
. Schumacher, Superintendent of Inspection and Test. 
. Sniffen, Assistant Vice President. 
R. Soderberg, Power Engineering Department. 
T. Spooner, Research Department. 
N. W. Storer, Consulting Engineer. 
Phillips Thomas, Research Department. 
Stephan Timoshenko, Consulting Engineer. 
R. J. Wensley, Switchboard Engineering Department. 
R. L. Wilson, Assistant to Vice President and General Manager. 
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University of Pittsburgh 
L. P. Sieg, Dean, Graduate School. 


Society for the Promotion of Engineering Education 
H. P. Hammond, Associate Director of Investigation. 
W. E. Wickenden, Director of Investigation. 


American Telephone and Telegraph Company 
O. W. Eshbach, Special Assistant, Personnel Department. 
F. B. Jewett, Vice President. 
H. 8. Osborne, Transmission Engineer. 
Public Utilities 
S. Finlay, President, West Penn Electric Company. 
. 8S. Gadsby, President, West Penn Power Company. 
W. Robertson, President, Philadelphia Company. 
. C. Stone, System Development Manager, Duquesne Light 
Company. 


PrRoGRAM 


The program of the session is divided between meetings de- 
voted to methods of teaching to be held at the University of 
Pittsburgh and meetings devoted to engineering applications 
to be held at the Westinghouse Electric and Manufacturing 
Company. About two-thirds of the meetings are devoted to 
the former and one-third to the latter. A number of evenings 
are set aside for special features, including a dinner, a smoker 
and reception, and several addresses by prominent men. The 
recreational program includes an over-night visit to the sum- 
mer surveying camp of the University of Pittsburgh, inspec- 
tion of the Homestead Steel Mill, and inspections of central 
station generating plants in and around Pittsburgh. The pro- 
gram in condensed form is given below. 


Thursday, July 5 


Morning: Registration, ete. 
Afternoon: Address of Welcome. Chancellor John G. Bowman, 
University of Pittsburgh. 
Remarks. F. L. Bishop, C. F. Scott. 
Purposes and Aims of the Summer School. H. P. 
Hammond. 
Engineering Education and the Place of Electrical 
Engineering Therein. W. E. Wickenden. 
Dinner, followed by smoker. 
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Friday, July 6 
Morning: The Fundamentals of Electrical Engineering Study. 
F. Harding. 
The Learning Process. G. H. Alderman. 
Afternoon: Teaching the Fundamentals of Electrical Engineer- 
ing. C. F. Harding. 
Discussion. 


Saturday, July 7 (Westinghouse) 
Morning: The Westinghouse Company and its Men. F. A. 
Merrick. 

The Engineer in the Electrical Industry. W. S. 
Rugg. 

Shop Inspection. 

Take buses for the Summer Surveying Camp of the 
University of Pittsburgh. 

Luncheon at the Mountain Inn as guests of the 
Westinghouse Electric and Manufacturing Com- 
pany. 

Afternoon: Recreation. 


Monday, July 9 
Morning: The Teaching Process. G. H. Alderman. 
The History of Electrical Science and of Electrical 
Units. A. E, Kennelly. 
Discussion. 
Afternoon: Teaching the Fundamentals of Electrical Engineer- 
ing. C. F. Harding. 


Tuesday, July 10 
The History of Electrical Science and of Electrical 
Units. A. E. Kennelly. 
The Teaching of the Fundamentals of Electrody- 
namics. Edward Bennett. 
Afternoon: The Teaching of the Fundamentals of Electrody- 
namics. Edward Bennett. 
Discussion. 
Evening: International Standardization. A. E. Kennelly. 


Wednesday, July 11 (Westinghouse) 
DESIGN 


Morning: Shop Inspection—optional.* 


* The optional inspection trips will be so arranged that members who 
are especially interested in the shops and their problems can, without 
duplication, take part in all of them. Detailed programs of the optional 
trips will be distributed at the opening of the conference. 
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The Application of Economic Principles to the De- 
sign of Electrical Equipment. A. M. Dudley. 
Application of Economie Principles to the Design 
of Electrical Systems. F.C. Hanker and N. W. 

Storer. 

Noon: Luncheon in the Officers’ Dining Room. Informal 
meeting with executives of the engineering group 
of departments. F. D. Newbury. 

Afternoon: The Design of an Electrical Machine. 8S. L. Hen- 

derson, C. R. Soderberg and C. C. Brinton. 

Reception by the Westinghouse Club. 


Thursday, July 12 


Morning: ‘‘ Application Courses’’ in Electrical Engineering, 
Their Purpose and Scope. C. F. Harding. 

The Teaching of Elements of Electrical Engineer- 
ing: Cireuits. W. R. Work. 

Inspection of Homestead Steel Mill. 


Friday, July 13 (Westinghouse) 


PRODUCTION AND DISTRIBUTION 


Shop Inspection—optional. 
The Problem of Production in Electrical Manufac- 
turing. R. L. Wilson. ; 


Discussion. 
The Problem of Marketing Electrical Equipment. 
T. J. Pace. 
Noon: Luncheon, Officers’ Dining Room. Informal meet- 


ing with executives of the Sales Department. 
Afternoon: Inspection of Shops. 
Application of Mechanical Principles to the Design 
of Electrical Machines. 8S. Timoshenko. 


Saturday, July 14 


Morning: The Teaching of Electrical Engineering Mathe- 
matics. A. E. Kennelly. 
Symposium on teaching methods. Led by C. F. 
Scott. 
Afternoon: Recreation. 


Monday, July 16 


Morning: The Teaching of the Elements of Electrical Engi- 
neering: Machines. W. R. Work. 
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Afternoon: The Function of the Laboratory in Electrical Engi- 
neering Courses. H. E. Dyche. 
Laboratory Demonstrations. 
Evening: The Life of Faraday. F. L. Bishop. 


Tuesday, July 17 


Morning: Symposium on laboratory equipment and technique. 
Led by H. E. Dyche. 
Afternoon: (Westinghouse.) 
The Engineering Graduate in Industry. C. 8. Coler. 
Symposium on the careers and experiences of engi- 
neering graduates. 
Demonstration—The Stability of Transmission 
Lines. R. C. Bergvall. 
Demonstration—Wireless Transmission of Power. 
Phillips Thomas. 
Evening: Dinner in Officers’ Dining Room. 
Addresses— 
The Development, Present Position and Outlook 
of the Electrical Industry. E. H. Sniffin. 
The Personnel Problem in Industry. E. 8. Me- 
Clelland. 
By-Products of Radio Work. S. M. Kintner. 
Demonstration—The Mechanica] Man. R. J. Wens- 
ley. 


Wednesday, July 18 
(Electrical Communications Day) 


The Teaching of Electrical Communications Theory. 
E. L. Bowles. 
The Teaching of Electrical Communications Lab- 
oratory. H. M. Turner. 
Afternoon: Engineering Education and the Electrical Communi- 
cations Industry. O. W. Eshbach. 
Principles of Electric Circuits as Employed in Elec- 
trical Communications. H. 8. Osborne. 
Evening: Lecture. F. B. Jewett. 


Thursday, July 19 


Courses in Electrical Engineering for Students other 
than Electrical Engineers. A. E. Knowlton. 

Symposium on the development of the teacher of 
electrical Engineering. Led by F. L. Bishop and 
C. F. Scott. 


| 
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Evening: 


Morning: 


Noon: 


Afternoon: 


Afternoon: 


Morning: 


The Life of Benjamin G. Lamme. C. F. Scott. 


Friday, July 20 (Westinghouse) 


Shop Inspection—optional. 

Fundamental Electrical Principles in the Design of 
Electrical Equipment. R. E. Hellmund. 

Luncheon, Westinghouse Cafeteria. Informal con- 
tact with Westinghouse men engaged in teaching 
graduate students, intermediate students (high 
school graduates), trades apprentices, night school 
faculty, ete. 

Laboratory Technique. D. F. Miner. 

Testing Methods. L. E. Schumacher. 

Visit to the Engineering Laboratories and Test De- 
partments. 


Saturday, July 21 


Observation of undergraduate class in electrical en- 
gineering, followed by analysis of teaching meth- 
ods employed. G. H. Alderman and H. E. Dyche. 

Symposium on classroom methods. Led by G. H. 
Alderman and H. E. Dyche. 

Recreation. 


Monday, July 23 
(Publie Utility Day) 
The Organization and Administration of Public 
Utilities. A. W. Robertson. 
The Economies of Public Utility Operation. W. 8S. 
Finlay. 
The Engineering Graduate and the Public Utilities. 
E. C. Stone. 
Visit to Generating Stations. 


Tuesday, July 24 (Westinghouse) 


Shop Inspection—optional. 

Westinghouse Design School (Graduate work, Uni- 
versity of Pittsburgh)—Observation of work in — 
progress at the time. L. P. Sieg and C. 8. Coler. 

Discussion of the graduate work. Led by L. P. 
Sieg and C. S. Coler. 

Research Department. S. M. Kintner, T. Spooner, 
and others. 

Luncheon in the Research Department. 


Afternoon: 
Morning: 
Noon: 
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Afternoon: The early part of the afternoon is reserved for the 
members of the conference to follow through 
points of special interest, or for individual con- 
tact with engineers and executives on special 
problems. 

Final Westinghouse meeting. C. F. Scott, presid- 
ing. 
Wednesday, July 25 
Morning: Critical analysis of teaching methods employed at 
the Summer School. G. H. Alderman. 
Discussion. 
Some Transient Electric Phenomena. V. Kara- 
petoff. 
Afternoon: Consideration of Committee Reports. 
Evening: Dinner. 


At the time of writing these notes (April twelfth), approxi- 
mately forty teachers had applied for admission to the session 
on electrical engineering and approximately thirty for admis- 
sion to the session for teachers of physics. An increase in the 
limit of enrollment from forty to fifty is under consideration 
for the session on electrical engineering. 
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HIGHWAY RESEARCH AT THE UNIVERSITY OF 
NORTH CAROLINA. 


BY H. F. JANDA, 
Professor of Highway Engineering, University of North Carolina. 


North Carolina is proud of its highway system and of its 

Highway Commission, which, since 1920, have transformed 
the former mud roads into serviceable, all-weather highways; 
and to-day the state bears the distinction of having one of the 
finest systems of modern highways in the United States. Any 
article dealing with the highways of North Carolina would be 
incomplete that did not mention Frank Page. Mr. Page, as 
Chairman of the Highway Commission, has devoted his untir- 
ing energy to the problems of the highway development, and 
the successful highways of North Carolina stand as witnesses 
to his efforts. 

The guest in North Carolina is always interested in historic 
points, but present travellers on Route 10, the ‘‘Main Street,’’ 
little realize their passage through historic towns. This route, 
stretching east and west from Beaufort on the coast to Murphy 
in the mountains, carries much of the traffic of the State. In 
starting from Murphy near the Tennessee and Georgia line, 
and travelling east on Route 10, one passes through such cities 
as Canton, Asheville, Statesville, Salisbury, High Point, 
Greensboro, Durham, Raleigh, Goldsboro, New Bern—and 
then comes to Beaufort on the coast.. These and other towns 
of the Old North State, full of memories of the past, are to- 
day prosperous and growing cities. : 

The policy of the Highway Commission has been to provide 
serviceable highways from county seat to county seat, and, 
while all the state roads are not hard-surfaced, good, service- 
able roads have been constructed and maintained. Route 
markers and directional signs guide the tourists, and it is the 
boast of North Carolina that ‘‘it is easier to find your way in 
North Carolina than to get lost in most states.’’ 
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Edueation’s part in a highway program is not only a tech- 
nical one, but is also one which produces citizens capable of 
sustaining prolonged service to a public cause. The educa- 
tional institutions of this state have played an important part 
in the development of the highways, and their record is an en- 
viable one, for they have produced leaders of men who have 
vision and a belief in the greatness of the State. 


EARTH PRESSURE EXPERIMENT FILL aT THE 15-FooT LEVEL. 


The University of North Carolina has contributed its share 
of service to the development of the modern highways that 
traverse the State, for it has offered its trained minds to assist 
in the economical, financial, and technical problems that al- 
ways confront an important undertaking. Its graduates have 
assumed important positions, both administrative and tech- 
nical, with the Highway Commission, thus fulfilling one of the 
most important functions of a University—that of training 
for service. 

The School of Engineering, in conformity with the policies 
of the University, offers its services to those agencies which 
work for the welfare of the State. Thus, the School works in 
perfect harmony with the State Highway Commission, for the 
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Commission has desired the services of the School in the solu- 
tion of many of its technical research problems. This coopera- 
tion has resulted in mutual benefits, for the engineers of the 
Highway Commission are in direct touch with the Faculty of 
the School and their specialists lecture to the students at vari- 
ous times through the year. 


METHOD INSTALLING PIPE UNDER FILL. 


Since 1921, the School of Engineering, in cooperation with 
the State Highway Commission, and later with the U. S. Bu- 
reau of Public Roads, has conducted several researches, and 
the following brief summaries indicate the type of work that 
the School has done and is doing for the State Highway Com- 
mission. 


CAPILLARY MoisturE In SUBGRADES. 


Chas. M. Upham, former State Highway Engineer, sug- 
gested that the School undertake a research study on methods 
of stabilizing highway subgrades either by the removal of 
capillary moisture or by preventing its occurrence. This 
study was conducted for two years and interesting data were 
obtained. The apparatus consisted of a large water-tight box, 
12 feet long, 3 feet wide, and 4 feet high, so arranged that 
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water could be introduced into the bottom through several in- 
lets. The soil was packed in the box and the water admitted 
to the bottom. The following paragraphs briefly describe the 
methods used. 

The first problem was to determine the effectiveness of drain 
tile to remove the capillary moisture. The height of the capil- 
lary rise and the percentage of moisture at various points in 
the soil were measured for various soils under two conditions, 
one with drain tile, the other without tile. The height of rise 
was determined by an apparatus similar to that used by 
Schlicter in his study of the flow of underground water. A 
soil auger was used to secure samples of the soil at various 
depths from which the percentage of moisture could be deter- 
mined. The results of this study indicated that drain tile 
were ineffective in removing capillary moisture. 

In the second problem, that of attempting to prevent capil- 
lary moisture from rising, 6-inch layers of various course, 
granular materials were placed 3 inches above the level of the 
water-table in the soil, and the same procedure for sampling 
was used as described in the first problem. Marked effects 
were noted in this experiment, as some of these layers shut off 
the rise of moisture to a large extent. When the layer was 
constructed of sand, this was particularly noticeable, as sand 
was more effective than broken stone or cinders. 


EartH PRESSURES ON CULVERT PIPE. 


For the past five years, the School of Engineering, in co- 
operation with the State Highway Commission and the U. 8. 
Bureau of Public Roads, has been conducting a large-sized ex- 
periment to determine the earth pressures on culvert pipe of 
various flexibility. These experiments were not of the labora- 
tory type, as the pressure of the earth transmitted to the pipe 
was measured under actual highway conditions—the fill, 
which was 20 feet high, being part of a private road. 

The experiment may be divided into three distinct problems: 

1. The determination of vertical earth pressures on cast-iron 
pipe so placed as to be called the 50 per cent. projection con- 
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dition ; i.e., 50 per cent. of the vertical diameter of the pipe 
exposed to the earth fill. : 

2. The determination of vertical pressures, radial pressures, 
and the elastic distortion of pipe of various flexibilities under 
the 100 per cent. projection conditions; i.e., the entire outside 
surface of the pipe exposed to the earth fill. 

3. Laboratory tests of culvert pipe designed to simulate field 
conditions. 

The filling materials were sand and clay, and in all tests the 
width of the top of the fill was 24 feet. The various fills con- 
structed over the pipe were placed in one-foot layers, each 
layer being carefully leveled off and protected from rain by 
covering the fill with canvass. 

The vertical earth pressures were accurately determined at 
each foot level by the loads being transmitted to and weighed 
by specially designed scales, which supported each test section 
of pipe. The radial pressures were determined by seven soil- 
pressure cells located on the outside surface of each test sec- 
tion. The distortion of the pipe (change in diameters) at 
each foot-height of fill was determined by the use of a special 
inside pipe micrometer. 

The experiment has definitely indicated that the deflection 
of the pipe caused by the earth pressure influences the load 
the pipe carries; the greater the deflection the less the load. 


Trsts oF CoNCRETE ARCH. 


Although the testing of the concrete arch bridge over the 
Pee Dee River, near Albemarle, N. C., by static loading, air- 
plane bombing, and gun fire was not conducted by the School 
of Engineering, the School was one of the participating agen- 
cies that contributed advice to the State Highway Commission 
and the U. S. Bureau of Public Roads on plans for the experi- 
ment. This experiment has gained wide-spread interest, and 
the results are awaited with great expectancy, for undoubtedly 
they will be a wonderful contribution to engineering literature. 

The test was made possible only by the construction of a 
large dam below the bridge, which would back water over the 
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arch. The bridge, a three 150-foot reinforced, open spandrel, 
concrete arch with concrete girder approaches, was built in 
1920, and embodied all modern principles of design and ma- 
terial, thus making its test to destruction an important check 
on the elastic theory of arches. 


MISCELLANEOUS CONTRIBUTIONS. 


The Faculty of the School of Engineering are constantly at 
work on the problems on the design, construction, and main- 
tenance of highways. At various times, members of the 
Faculty have assisted the engineers of the Highway Commis- 
sion on problems such as that of back-water caused: by high- 
way bridge obstruction ; inspection of certain culvert installa- 
tions; and in the preparation of plans for the testing of high- 
way materials, ete. 

The State Highway Commission has generously established 
two Research Fellowships at the University. These men 
under the guidance of the Faculty, do research work on prob- 
lems suggested by the Commission. Through this kind of co- 


operation, the School of Engineering is able to offer its great- 
est function—Service. 
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A STUDY OF THE LEARNING PROCESS.* 


BY DONALD D. CURTIS, 
Assistant Professor of Mechanics and Hydraulics, University of Iowa, 


In the hope of obtaining facts which would lead to im- 
provements in teaching methods, an attempt was recently 
made at the University of Iowa to measure accurately the time 
spent by the individual student upon different units of work 
included in the subject of Statics in the first part of the course 
in engineering mechanics. The work was done under the 
direction of S. M. Woodward, Chairman of the local Com- 
mittee on Educational Policy, appointed to consider the ap- 
plicability of the Wickenden reports. This paper presents 
some of the results obtained in the study. 

Data were collected from thirty-nine students. These 
students had been previously divided into three sections ae- 
cording to scholastic standing upon the basis of their pre- 
vious year’s grades in calculus and physics. 

This subject was taught on the supervised study plan in 
three-hour periods with the instructor always present in the 
room. The class rooms were equipped with individual desks 
and drawing tables so that each student had abundant study 
space; the usual recitation chairs and blackboards were. avail- 
able at the front of the room. The instructor was free to ap- 
portion the time of each three-hour period just as he thought 
best for the particular work being covered. Some days the 
class spent nearly two hours in oral class recitation and discus- 
sion ; on other days, there was no oral class work at all. Writ- 
ten tests frequently occupied a part of the three-hour period, 
and considerable time was used in individual conferences with 
students over details of their work. Poorman’s ‘‘ Applied Me- 

* Presented at the 35th annual meeting of the Society, University 
of Maine, Orono, June 27-30, 1927. 
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chanics’’ was the text used, and with some omissions was fol- 
lowed rather closely in the course. Some time was required 
for studying the textbook, but the greater part of the total 
time was consumed in working carefully and accurately a 
uniform set of assigned problems. It is solely the time de- 
voted to the working of problems that is presented and dis- 
eussed here. During the period while these measurements 
were being made, of the whole time devoted to the course, 
approximately one third was consumed in class recitation, 
while over one half was used in solving problems. 

The solutions of all problems were required to be written in 
ink following a prescribed standard form. Careful recording 
of solutions, preservation of all work, uniformity of labeling, 
calculation by four-place logarithms, and other details of 
practice were insisted upon. All of these problems when 
handed in were carefully checked by the instructor for cor- 
rectness of method and accuracy of computation. Any papers 
below standard in either respect were returned for correction. 
A logical follow-up of this system was the strict enforcement 
of a requirement that each student’s file, kept by the depart- 
ment, contain every problem satisfactorily completed. The 
careful attention given to all these points of detail appeared 
to lend a considerable measure of uniformity to the work 
handed in by the students, so that we might assume a fairly 
equitable basis for comparison. 

In an attempt to avoid waste of the student’s time in the 
keeping of the records from which this study was made, con- 
venience of the student, clarity in details, and simplicity in 
form were sought. To make the telling of time easy, a 
large clock was installed at the front of the room. At the 
beginning of the period the instructor made the assignment 
of units for which time would be recorded, listing the problems 
on the blackboard, when necessary with instructions on points 
of detail. To simplify the record keeping, each student was 
furnished a parallel-column blank every day. The blanks 
were stamped with the subject, section, and date, requiring 
from the student only his name and the requested times with 
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the corresponding problem unit numbers. The record blank 
contained a heading ‘‘Time-in Minutes,’’ with subheads ‘‘Be- 
gin,’’ ‘‘End,’’ ‘‘Elapsed.’’ The ‘‘Begin’’ and ‘‘End”’ col- 
umns were to be recorded as clock times correct to the nearest 
minute. The ‘‘Elapsed’’ column was to be left blank and 
filled later by the instructor. At the right of these columns 
were spaces for description of work in which would be re- 
corded the designation of the problem unit. 

Numerous difficulties arose. It was apparent when the 
records had been kept for a short time that different sections 
were being given differing work, although the assignments 
were the same. This was caused by the varying presentations 
which the three different instructors made to their classes. 
Had one instructor been in charge of two sections, this diffi- 
culty might have been avoided to some degree, but the feeling 
among the different teachers is that even were one person 
to try to present the same work to different sections identi- 
cally, he would fail to do so. Another trouble came from 
the fact that students sometimes confused their records by 
combining several problems in one recorded time, or by for- 
getting to fill out their sheets for time spent outside of the 
regular class hours. It appeared, also, in some cases, that 
unconscious prejudice influenced a man’s recording of time. 
This seemed to exist in a few cases in which a student spent 
a considerable amount of time in trying to find a method of 
attack on a problem. It may have appeared to him that time 
so spent was not to be classed as devoted to solution of the 
problem and in accordance with this notion, he may not have 
recorded the full elapsed interval. 

It might be mentioned that students were not asked to ac- 
count for the whole of the class period. It was thought that 
evils might come from any such requirement; for instance, 
students might have felt that the record was an attempt at 
disciplining them, inasmuch as the classes were three-hour 
ones, and a certain amount of passing around in the room 
or leaving the room was always present; or the records might 
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have been made to fit the case, and time thus be recorded 
which was not actually spent on the work at hand. 

The data used for this detailed study were selected after 
discussion and agreement by the teachers as to comparability 
based on uniformity between the three sections. Records of 
time on about 45 problems, approximately two thirds of the 
written work assigned, were studied. Problems were grouped 
together to form a unit in some instances to save work and 
space in the tabulation of data and to make the average length 
of time on the items more nearly uniform. The number of 
groups so formed was sixteen. Each group was treated as a 
unit in the computation, and the arithmetical average of the 
thirty-nine individual students’ records calculated. These 
average times ranged from 48 minutes for the group requiring 
the least time to 153 minutes for the longest group, with an 
average of about 80. Seven of the units were single problems; 
the remaining nine were groups of from two to six shorter 
problems. Inasmuch as in all cases problems of similar type 
were combined, the grouping of these shorter ones affected the 
dispersion of points only slightly, and added considerable to 
convenience. 

The final data were assembled in tabular form. The in- 
dividual daily time reports were used by the instructor to 
compile the figures. The students were ranked in order of 
their total time, fastest to slowest, and the figures for each 
unit given for each student. The arithmetical average was 
computed for each unit and was used as the basis for reducing 
all the records to percentages to permit more ready compari- 
son. The table was also made to furnish information on the 
spread between the student’s time at any point in the progress 
of the work by making cumulative subtotals, that is, totals for 
each unit counting the time on that unit and all the preceding 
ones. This totaling made it necessary to supply data for 
eases where the records were missing. For these omissions 
the average time for the same unit was used. It is realized 
that this procedure induces some error, but such discrepancy 
would affect no cases in which we were especially interested 
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since the slowest and fastest men made complete reports. In 
the worst case of omissions, the difference between figures ob- 
tained by inserting a weighted value based on the individual’s 
own reports was about four per cent of the man’s total time, 
which is probably within the error of the daily reports them- 
selves. 

The table on page shows the original recorded time for 
each student on each unit. The shortest and the longest 
reported time for each unit is shown by bold face type. The 
left hand column gives the student numbers; the top row gives 
the problem unit numbers. Then, to examine any individual’s 
record, the horizontal line opposite his number should be read. 
To compare the different individuals’ times on any unit, 
the vertical column under that unit number should be read. 
At the right hand margin, the total time for each student is 
given. These totals include the insertions of average time 
for missing data. The bottom row gives the numerical av- 
erage of the times reported on each individual unit. 

The table shows several points about the large and erratic 
variations of the speed of the students. Twenty-three stu- 
dents were either slowest or fastest in at least one unit. Four 
students reported both maximum and minimum times. Eight 
had for extremes only minima, and ten had only maxima. The 
maximum total time is 233 per cent of the minimum total, 
or expressed inversely, the minimum is 43 per cent of the 
maximum. The student next to the fastest spent 17 per cent 
more time than the fastest; the second to the fastest, 20 per 
cent more; the student next to the slowest spent 3 per cent 
less time than the slowest; the second to the slowest spent 7 
per cent less. The grouping is closer among the slower men. 
This seems to indicate that the extreme cases on the side of 
high speed were present but the extremes on the slow side 
had dropped out in the freshman or sophomore year. The 
man whose total time was closest to the average showed neither 
maximum nor minimum. The slowest man was never at the 
extreme of time variation. The fastest man was only once 
at the extreme, and then reported the shortest time. In one 
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of the individual problems the minimum time was 22 per cent 

of the average and the maximum was 302 per cent. As is to 
be expected, the divergence is far more marked in individual 
cases than in the totals; for the latter, the maximum is 134 
per cent of the average as opposed to the minimum which is 
57 per cent of the average. 

Comparison of the time of the individual students is made 
by means of three graphs which are shown here. The first 
two figures have some details in common. Each has the prob- 
lem units marked off on the horizontal axis; beginning with 
the space for group number 1 at the left, they run to the right 
to include all through number 16. Vertical lines through 
these points are used to lay off to scale the elements compared. 
Then a student’s record is shown as a broken line by connect- 
ing the points plotted on these verticals. It is expedient to 
show only a few lines on each figure since the erratic crossing 
and re-crossing of the lines in some cases would obscure the 
behavior of any one individual’s graph. In both sheets the 
record of the fastest man, the slowest man, and the average is 
drawn; in one, others are shown. In both, the vertical ele- 
ment is a measure of time; the fastest man’s record, then, is 
represented by the lowest line. 

Figure 1, showing individual times by means of percent- 
ages, has the individual times expressed as percentages of 
the average for ordinates. This makes the average line a 
horizontal one representing 100 per cent. The individual 
lines fall above or below, depending on whether the student’s 
time was greater or less than the average. Lines for the two 
students whose total times were smallest, for the one whose 
total was nearest the average, and for the two whose totals 
were largest, are plotted. Maximum and minimum values for 
all problem units are also marked so that the wide dispersion 
may be shown. A glance at this set of lines with its extreme 
irregularities gives the impression of a jumble of random 
lines. The curves show that the fastest man falls above the 
average in some individual assignments and that the slowest 
man once comes markedly below. That these facts are true 
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for the students at the extremes of the group seems surprising. 
The great diversity of types of problems may account for 
some of the extreme variations. Often the difficulty was 
largely due to failure in some small element of understanding 
or was one of repetition of an error. 

Figure 2, the graph of cumulative time, is perhaps the most 
expressive of the true variation that was observed in the 
study. It has for ordinates values of the cumulative time, 
that is, the time spent on a problem group and all which 
preceded it. In order to make a cumulation of the time, it 
is necessary to have data to supply omissions. For this the 
average time is used. In order to have the average time rep- 
resented by a straight line, the problem unit spaces are laid 
off on the axis of abscissas proportional to the average times 
of their respective units; that is, abscissas as well as ordinates 
are measures of the average time. Having the average time 
represented by a straight line permits easy comparison of a 
student’s rate with the average rate by means of noticing 
the slope of his record line as compared with the constant 
slope of the average line. Also, the amount of divergence of 
a man’s cumulative time from the average at any point may 
be ascertained by scaling the distance from his line to the 
average. 

In this set, seven lines of cumulative time are drawn in 
addition to the average line—those for the two fastest, the two 
slowest, the one closest to the average, and one on each side 
of the average. For the last seven units, points for all stu- 
dents’ times are marked by dots to give graphic representation 
to the spread. The points for earlier units are not shown 
since they indicate much the same spread and come so close 
together as to make the drawing impracticable. It can be 
seen here that the dispersion among the fastest men is con- 
siderably more marked than that for the slowest. Both in 
the fast and the slow groups the men interchanged position 
a considerable amount so that divergence is not so marked 
or so constant as might be expected. 
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Figure 3 represents an attempt to examine the correlation 
between the students’ total time and their grade point av- 
erages for all the work done in their college course. It 
seemed natural to expect that the curves would slope in op- 
posite directions. Along the axis of abscissas, uniform spaces 
are marked off and assigned to the students beginning with 
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Fie. 3. Comparison of Grade Point Averages and Total Times. 


the one whose total time is shortest and ending with the one 
whose total time is longest. As ordinates first are plotted 
the total time, and the points above the 39 student numbers 
are connected by a series of straight lines. Next, ordinates 
to a different scale are plotted for the grade point averages 
and these last points connected by a series of straight lines. 
For the grade point curve, the origin, that is, zero grade 
point average, is at the lowest horizontal line. For the time 
curve, the lowest horizontal line is not the origin but repre- 
sents the value 700 minutes. 

The grade point averages are computed on the work of 
the first two and a half years of the student’s college course, 
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a total of about 90 credit hours. The system used gave point 
values to the letter grades, assigning to one hour of the 
highest grade, A, a value of 4; to the next in order, B, 3; 
to C, 2; to D, the lowest passing mark, 1; to the mark, Condi- 
tion, negative 1; and to the mark, Failed, negative 2. 

It will be noticed that a considerable amount of irregu- 
larities exist in the line connecting the grade point averages. 
In spite of these irregularities, however, it may be observed 
that there does exist a general tendency to slope downward 
as the time curve slopes upward. 

Two points brought out by this study are the considerable 
difference in the total time students spent in completing 
the problems for which data were recorded, and the tre- 
mendous variation on individual problem time. The average 
total time was 1282 minutes. The maximum total time was 
1.717 minutes, and the minimum was 734. . Expressed other- 
wise, the slowest man took over twice as long as the fastest. 
That this could be true for a considerable amount of work 
done in a large number of short periods is illuminating. The 
comparison between the second men at the two extremes is 
close enough to the one drawn to gainsay suggestion of ir- 
regularity in the extreme case. On the individual problems, 
a great deal of variation in time was expected, but hardly 
as much as was recorded. The largest variation occurred 
in a problem for which the average time was 63 minutes. The 
shortest time reported on this problem was 14 minutes, and the 
longest 190; thus the slowest man on that unit required over 
twelve times as long as the fastest. This was unquestionably 
a rare, extreme case. However, in another the slowest took 
nearly nine times as long as the fastest ; in three cases the slow- 
est took seven times as long as the fastest ; in only five of the 
sixteen problem units did the slowest require less than four 
times as long; and never did the slowest take less than three 
times as long as the fastest. 

The writer would like to direct attention to the fact that 
the data from which this study was made were accurately 
observed under carefully controlled conditions. It is realized 
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that the records are hardly extensive enough to warrant 
sweeping conclusions of constructive nature. If nothing else, 
however, the study has served to bring out some of the dif- 
ficulties that are manifest in gathering and analyzing data 
related to personal performance. There are so many and 
such varied elements entering into the determination of ap- 
titude that it appears to be an exceedingly formidable task 
to assign any certain relationships or measures by which at- 
tainment may be predicted. 

It does seem, however, that from comparison of data of the 
sort taken for this study, and other more pretentious ones 
which naturally suggest themselves, some idea may be ob- 
tained of the magnitude of the variation between the capaci- 
ties of individuals so that provision will be more apt to be 
forthcoming for the fostering of such abilities as students do 
possess. 
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NOTE ON ADULT EDUCATION IN CONCRETE 
TECHNOLOGY.* 


BY W. KE. HATT, 
Head, School of Civil Engineering, Purdue University. 


The refinements in the design of concrete mixtures for spe- 
cific services made possible by recent scientific studies in the 
laboratory and in field experimentation must finally be ex- 
pressed in the manufacture of concrete at the hands of opera- 
tives who may not be hospitable to new ideas. For example, 
a construction company with thirty or forty jobs scattered 
throughout the limits of the United States and South America 
designs constructions and writes specifications which embody a 
consideration of the several elements entering into a situation 
on the basis of recently determined scientific laws. These 
designs are reproduced in constructions under the direction 
of superintendents who are concerned with what seems to 
them to be more grave and immediate problems in production. 
Local materials, new brands of cements, the exigencies arising 
from labor conditions, from apparatus and climatic conditions 
may seem to relegate a really important fundamental consid- 
eration to the background. Failures have come from the ne- 
glect of simple relations of which laboratory men are fully 
aware. 

In addition to technical field control the education of op- 
eratives, such as the men in charge of concrete mixers, is nec- 
essary. 

Furthermore, it appears to be the fact that designers of 
equipment are too ready to introduce apparatus which is in- 
tended to apply recently discovered fundamental laws without 
consideration of the entire set of conditions. For instance, the 

* Presented at the 35th annual meeting of the Society, University 
of Maine, Orono, June 27-30, 1927. 
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relation between such improvement in processes such as the in- 
undation of sand leading to the more uniform production of 
dry and strong mixtures may neglect the behavior of such 
mixtures in concrete mixers which were designed for more 
fluid concretes. 

Again there appears to be a tendency in laboratory men 
to rush too quickly to the application of indicated improve- 
ments such as pushing to use cements of high strength while 
in the absence of a full scientific determination of other prop- 
erties of the concrete than its compressive strength. For in- 
stance, one company is now manufacturing cement with com- 
pressive strength fully fifty per cent above the average brand. 
Thought is being directed to other properties of concrete such 
as expansion and contraction, extensibility, etc., which may or 
may not follow the compressive strength. 

However, it is clear that for the great body of construction 
in small units under contractors without trained staffs, im- 
provement will be largely through the education of operatives. 

In the construction of the Purdue stadium the foremen 
were advised daily of the laboratory results on the properly 
and improperly cured concrete and over-fluid mixtures. Our 
judgment was that this was effective throughout the later 
period of construction in increased carefulness of these op- 
eratives. 

Adult education has been going along for a good many years 
through the efforts of the universities in so-called Road Schools 
and conferences of various groups interested in industrial 
processes such as conferences for welders, electric line foreman, 
for metal trades, shop, electrical and auto mechanics teachers, 
electric metermen, on electric industrial heating, telephone 
plants, on steel treating, for contractors and builders. 

In these Road Schools attention is given to the technology 
of concrete. A further activity planned at Purdue University 
is a special course in Conerete Technology for concrete fore- 
men where, by demonstrations and actual tests in the labora- 
tory, some of the fundamental principles may be made clear 
and the results of erroneous procedures may be shown. 
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The combined result of education of operatives, of engineers 
and architects and of the training of present undergraduate 
students to fit them for the somewhat diplomatic job of tray- 
eling educators to the several jobs of large construction com- 
panies should minimize defective processes now obtaining in 
the ordinary field of concrete construction. 


KNOWING SOMETHING WITHOUT KNOWING EVERY- 
THING ELSE AS A PREREQUISITE IN ELEC- 
TRICITY AND HEAT. 


By LEWIS E. AKELEY, 
Dean, College of Engineering, University of South Dakota. 


It is always a serious problem to determine just how far . 
the research attitude may be efficiently embodied in the early } 
stages of instruction in any science. There is in the current 
instruction in physics and in current physics-texts a neglect 
of one very fundamental aspect of the research spirit, that 
operates powerfully in the direction of ineffectiveness in 
‘putting the subject over’’ to the untrained and undisciplined 
student. Strangely enough the correction of this neglect 
would not only improve the effectiveness of physics instruc- 
tion, but it would make universal an all essential aspect of 
scientific attitude which finds embodiment more or less fitfully 
even in the most fruitful scientific men today. The insight 
involved in the question here raised will not only vastly im- 
prove instruction, it will revolutionize the science itself. Our 
inefficiency today in the teaching of physics is primarily due 
to our incapacity to interpret the science itself. This insight, 
bringing about this revolution in instruction and in research 
alike, comes from the great masters of the science. It has 
been slowly dawning on the great discoverers in physics for 
the last fifty years and it has been implicit in the ways of 
great physicists since the days of Archimedes. It simply is 
very slow in reaching the rank and file of researchers and the 
great army of instructors. 

In order to approach this proposition by easy stages, let 
us consider what is one of the most fundamental aspects of 
the attitude of research. It may first be stated in a very 
commonplace form, yet its implications are not commonplace, 
nor are they generally perceived. What distinguishes the 
807 
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physicist from the philosopher is that he isolates and studies 
very special, exceedingly limited problems, while the philoso- 
pher is popularly supposed to take in the universe at one 
gulp. The physicist puts himself into the situation that con- 
tains his problem, and he allows that situation to suggest his 
approach, his method of attack. He avoids preconceived no- 
tions. He is in no hurry to apply to this particular special 
problem the ideas that he may carry with him from other 
problems. Most scientists are particularly fond of some 
special mode of attack which has been found often successful 
and the temptation is great to apply the old, well tried 
method to the new problem. A physicist may have a secret 
fondness for the use of a certain instrument and he is in 
danger of seeking far-fetched possibilities of using his favorite 
device in the new situation. But it is mere commonplace and 
an universally recognized platitude to say that these are 
snares of which the true scientific man must always be wary. 
But there are degrees in which the spirit of this idea is car- 
ried out by scientists. 

Some researches have possessed a great charm because of 
the investigator’s striking detachment from the influence of 
all his previous investigations, almost a detachment from the 
scientific self consciousness. Take for example, Professor 
Sabine’s initial work in architectural acoustics. He put him- 
self into a very local situation which involved his problem, 
viz., the improvement of the very bad acoustic properties of 
an auditorium at Harvard University, Sanders’ Theater. 
The man of the street would not have recognized him as a 
physicist at all. He did merely what any one, after the event, 
would declare was following the behests of ordinary common 
sense. His first unit of measurement was suggested by the 
immediate concrete situation. The unit that measured all 
improvements in the hearing in that auditorium was a certain 
cushion which was available to him in large numbers. It was 
soon interpreted as a unit in measuring the absorption of 
sound. A window, or a wall, or a curtain, was found to have 
absorbing power for sound equal to a certain number of 
Sanders’ Theater cushions. 
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Sooner or later a physicist must draw on the wealth of his 
past experience in other situations. Then, analogy of his 
immediate problem with other problems in his own experience 
and in the whole range of his science constitutes a large ele- 
ment of his resourcefulness. His knowledge and previously 
acquired expertness now enter, contributing powerfully to his 
solution. But this element can be an obstacle in the way of 
his success just as fully as it can be a resource. With many 
would-be-scientists it is not an asset but a liability. A scien- 
tist’s detachment from his own acquired knowledge is one of 
the best weapons in his armory. How far is the situation of 
the special problem to dominate the solution and inspire the 
scientist’s detachment? An answer to the question raises 
the whole matter well out of the commonplace. The special 
situation may create, operating through the scientists mind, 
the very concepts, the new measurables, and their units that 
are to find formulation in new laws. This is the extreme case, 
it will be said. But is not the matter of this type of scientific 
detachment important enough and difficult enough to justify 
extreme measures for inculcating it in the minds of students? 
There can be no warning too urgent against taking analogies 
too seriously. The atom as a miniature solar system is break- 
ing down through the problems of the quantum. The 
Schroedinger atom makes problematic the status of even the 
electron. Analogies and physical mythologies are no doubt 
useful, but is any treatment too drastic that keeps the student 
perpetually warned that they are analogies and mythologies. 

The proposition that the whole science of physics is founded 
upon mechanics, and the broader proposition that not only 
physics but chemistry and biology are so founded is a philoso- 
phy. It is not a science at all. The counter proposition that 
every scientific problem and group of scientific problems and 
the situations in which they are embodied constitute unified 
complexes of activities, great atomic wholes, that suggest their 
own appropriate concepts and reveal their own laws in rela- 
tive independence of one another, and that these various sys- 
tems develop interrelations of the most systematic character, 
so that mechanical measurables are correlated with heat and 
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electrical measurables, stopping short of complete identifica- 
tions, is also a philosophy, but one more in harmony with the 
fundamental spirit of science than is the first. If this latter 
proposition is a philosophy then the mechanical theory of 
nature is a piece of philosophical speculation. Scientists do 
not like to be called philosophers or metaphysicians. But to 
identify mechanical concepts with all other kinds of physical 
concepts is pure speculation and is done on purely philosophi- 
eal grounds, not on scientific. Nature achieves an unity by 
the correlation of all phenomena even of music and color with 
the mechanical. But such a mechanistic correlation does not 
necessitate the study of mechanics before electricity any more 
than it dictates the study of wave motion before musical 
harmony. A person playing with an electric circuit can de- 
velop the concepts of electricity, and measure such quantities 
as current, potential, and resistance without considering a 
single mechanical measurable. Not only can this be done. 
It is the easiest and most satisfactory way for beginners. 
Why should the introduction to physics encounter that most 
difficult of all physical measurement, the acceleration due to 
gravitation. The writer has for a number of years begun 
instruction in sophomore physics with the measurement of 
electric current, measuring it independently of all other meas- 
urables, even space and time measurements. The extreme 
simplicity and effectiveness, and fascination of this approach 
to the science of physics has dawned upon his mind only with 
great slowness. Its superiority in exhibiting the science of 
physics as the science it really is, is beyond all doubt. The 
writer realizes that these statements will be read by many 
with extreme suspicion, to say the very least. But for this 
position there is one classic example that is accepted by every- 
body in the history of physics, viz., Gibbs’ Studies in Thermo- 
dynamics. Of course, no one would claim for a moment that 
Gibbs’ papers on thermodynamics would be suitable material 
for a sophomore class in physics. But it is possible with a 
sophomore class to dwell upon examples and experiments 
illustrating thermal equilibrium and heat distribution and 
transfer, leading up to such a treatment of Carnot’s cycle 
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that the energy, entropy, and temperature measurables may 
be defined and measured independently of all other measura- 
bles whatever. The method is based in part on A. C. 
Lunn’s paper in the Physical Review, July 1919, ‘‘The Meas- 
urement of Heat and the Scope of Carnot’s Principle.’’ 
Lunn’s paper, does not undertake to give the details for 
carrying out the presentation to a class. Nor does it give 
attention to the details of the preparation in description of 
thermal systems necessary to such presentation. But heat 
energy, entropy, and temperature are concepts that can be 
defined and measured independently of all other measurables 
whatsoever. The writer is ready to back up the statement 
with convincing proof. And those concepts become clear to 
the beginning student when so presented, but inevitably dif- 
ficult and confusing when presented in dependence upon me- 
chanical concepts. There is just one qualification to be made 
to this statement. A series of thermal equilibria in Carnot’s 
eyele is a unified complex of heat activities. This complex 
is a kind of unified whole, relatively independent of other 
wholes. The mechanical activities of an engine constitute 
another whole, another complex of activities. It, too, is 
relatively independent of other wholes. The complexes of 
activities, or wholes, are atomic in their relative independence 
of one another. But they do enter into a kind of molecular 
combination with one another. And they do so in Carnot’s 
eyele. The electric circuit is such an ‘‘atomic’’ whole in 
which current, difference of potential and conductance rep- 
resent activities that have a very unified character. But this 
“fatomic’’ whole of the electric circuit forms molecular com- 
binations with other complexes such as thermal, chemical and 
mechanical. Now it can be shown that heat energy, entropy, 
and temperature, can be measured independently of the meas- 
urement of gas pressure, gas volume, mechanical work and 
all other measurables whatsoever. However, these thermal 
measurables cannot be defined and measured independently 
of the recognition of the existence of these other measurables. 
But the mechanical measurable that will be recognized in the 
definition and measurement of heat eneregy, entropy and 
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temperature will be nothing more than our bare intuition of 
what we mean by mechanical work. Mechanics does not need 
to be studied before thermodynamics. Of course the appara- 
tus necessary for the measurement of these thermal meas- 
urables has never been set up. The results have been obtained 
by indirect methods which are intelligible only to advanced 
students. As Lunn indicates in his paper there is no doubt 
that such experimental devices could be set up. At any rate 
the process may be described to students with assurance that 
it is authentic. In the case of the measurements of the elec- 
trical quantities, current, potential and conductance, inde- 
pendently of the measurement of any other measurable, they 
may be carried out by the student himself, easily; and these 
measurements constitute an ideal introduction to the science 
of physics, ideal from the standpoint of practicability and in- 
telligibility. 

But to return to Willard Gibbs. The fact that Gibbs’ 
papers are so abstract as to be beyond the comprehension of 
any but the most gifted scientists, does not contradict another 
fact; viz., that Gibbs reveals a character in all scientific 
thought and procedure, that can be recognized in the presen- 
tation of physics to sophomores, to the great advantage of the 
sophomore in the stimulation of his dawning intelligence. 
Gibbs’ great contribution in this way has been: very slow 
to come into recognition, a statement that holds of every 
phase of Gibbs’ great work. Ostwald noted this aspect of 
Gibbs’ work. Ostwald was struck by the observation that in 
‘‘the two hundred or so equations’? in Gibbs’ Studies in 
Thermodynamics, mechanical concepts were not represented; 
only the heat concepts of heat energy, entropy, and tempera- 
ture. This was done by Gibbs when all his contemporaries 
were relating heat phenomena to mechanics. If it had been 
a matter of mere relating, that would have been defensible. 
They were identifying heat concepts with mechanical. So 
thorough-going was this identification that the writer has to 
italicize heat in the term heat energy in order to convey the 
idea that it is not a mechanical concept. Ostwald was struck 
by this fact in Gibbs and at the same time he was struck by 
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the wonderful success of Gibbs’ method, which is more pro- 
nouncedly in evidence today than it was in the days when 
Ostwald was advocating a ‘‘hypothesis-free science.’’ 

Ostwald might have been the instrumentality for bringing 
this great idea of Gibbs’ before scientific men. If he had 
succeeded the gain would have been incalculable. He failed 
because he used the idea for a propaganda, which turned out 
to be unwise. Ostwald discredited, on the ground of the 
Gibbs’ insight, all kinetic, molecular and atomic hypotheses. 
He did this when physics was on the threshold of the greatest 
triumphs for these hypotheses, in radio activity and atomic 
structure. This was a mistake. Analogies such as these me- 
chanical and kinetic theories can be of assistance in the ad- 
vance of science. There is no reason why Ostwald should 
not have recognized this, at the same time insisting that the 
Gibbs’ insight is the ideal scientific view, one that must sooner 
or later dominate in every field. If Ostwald had taken this 
view he would be vindicated much more clearly than he is, 
today, when the whole mechanical basis of the atom is threat- 
ened. A wave-mechanics is a much attenuated mechanics. 
But the course that Ostwald took has discredited the great 
idea of Gibbs’ that he tried to bring to clearness. It was very 
unfortunate. However Ostwald performed a service that 
will be recognized. 

But the idea has been finding its way through other chan- 
nels. It is difficult to see how anybody today could make 
any study of the logic of physics without encountering this 
insight of genius on the part of Gibbs. Whitehead is no 
doubt a most discriminating student of mathematical physics. 
From his logical studies in this field he has brought this in- 
sight of Gibbs’ to clear expression. Whitehead’s ‘‘Science 
and the Modern World,’’ contains one chapter entitled ‘‘ Ab- 
straction.’’ Some reviewers who are well trained in phil- 
osophy have confessed their inability to understand this chap- 
ter. It is highly abstract and the writer is sure that most 
physicists in reading it would need a commentator. If the 
writer understands it, he owes his understanding to the fact 
that he has struggled desperately to find in the literature of 
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logic an adequate expression of the principles he uses in pre- 
senting physics to his classes. He has succeeded at last to 
the point of being able to describe his whole logical procedure, 
using Whitehead’s language throughout. This may, or may 
not be, understanding of Whitehead. He is convinced that 
it is an understanding of the Logie of Physics. 

The carrying out of this idea means a complete and radical 
recasting of the whole presentation of physics. It is far more 
than a matter of text-books. It is a revolutionary insight 
into physics. The most that can be done is to call attention 
to it in such an aricle as this one, as a challenge, hoping that 
a few will interest themselves in the matter and help develop 
the view and give it currency. 

As the writer interprets Whitehead, an electric current, an 
electric potential, a conductance, any one of them, is what 
Whitehead calls an ‘‘eternal object.’’ The traditional term 
is universal. We will use the term universal. ‘‘Universals’’ 
are thus in their nature, abstract. ‘‘By abstract I mean 
that what an eternal object (universal) is in itself, that is 
to say, its essence is comprehensible without reference to 
some one particular occasion of experience. To be abstract 
is to transcend particular concrete occasions of actual happen- 
ing.’’ Thus the electric current is an abstract concept trans- 
cending any particular value that it may assume in any par- 
ticular circuit. It is an universal that belongs to the special 
class of measurables and it may have value in actual circuits, 
anywhere from the current that flows in a sensitive galvanom- 
eter to one that is electrolyzing a ton of copper every hour. 
And the abstract concept, electric current, transcends any par- 
ticular correlation with heating, lighting, and magnetic effects 
that may occur in some actual circuit. An universal like the 
electric current has a ‘‘relational essence’’ which is consti- 
tuted by that ‘‘unselective and systematic’’ net work of rela- 
tions that connect it up with thermal, optical, mechanical, and 
chemical measurables. The electric current has relations with 
every other measurable in the whole science of physics and 
with far more. In some sense or other the whole vast related- 
ness of nature enters the electric circuit through the current, 
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and again through the other universals that characterize the 
circuit. How and in what sense this vast system of nature’s 
relatedness enters any particular circuit falls under White- 
head’s third heading under which an eternal object or uni- 
versal is to be comprehended, viz., ‘‘the general principle 
which expresses its ingression in particular actual occasions.’’ 
For example the whole system of relatedness involved in the 
chemistry of the iron and copper of the circuit have such a 
particular ‘‘mode of ingression’’ into most circuits that these 
relationships are not active characterizations of the perform- 
ance of the circuit. The chemical activities are latent in the 
circuit, or as Whitehead puts it, they enter as ‘‘not-being,’’ 
a philosophical term. Need not be afraid of it, my dear 
physicist. It will not bite. So many have been fatally bitten 
by metaphysics that I do not wonder at your alarm. White- 
head is unfortunate in putting his very significant work in 
metaphysical terminology. But it has no metaphysical mean- 
ing at all in the traditional sense.* ‘‘Also A (an universal) 
as not-being in respect to a definite occasion, a (some electric 
circuit, say) means that A in some of its determinate relation- 
ships is excluded from a).’’ There are atoms of nitrogen in 
the bulb of an electric lamp. In most of the relationships of 
nitrogen to all kinds of possible activities into which nitrogen 
may enter, nitrogen makes ‘‘ingression’’ into the electric cir- 
cuit as ‘‘not-being with respect to many of its relationships,’’ 
that is to say, as mere structure, limiting activity to definite 
ends, preventing evaporation of tungsten. But when Lang- 
muir introduced hydrogen into such a lamp to the end of con- 
stituting mere structure, these chemical activities of hydrogen 
made ingression as ‘‘being,’’ as a real activity. As a conse- 
quence Langmuir developed an electric circuit in which some 
definite relationships of atomic hydrogen became active in a 
new type of welding apparatus. Through the limited modes 
of ingression of the vast relatedness of nature fact is made 
definite and finite. Through the possibility of indefinitely 
extending and varying these modes of ingression of any given 
universal into actual occasions, comes an endless evolution 


*The parentheses in this quotation are the writer’s. 
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of scientific discovery and invention. When Langmuir in- 
vents his welding process by-atomic hydrogen he produces a 
new whole, one of these finite unified complexes of activity 
into which nature so readily analyzes. This new whole brings 
into prominence a world of unexplored relationships such as 
the catalytic action of tungsten on hydrogen. These new re- 
lationships will be the laws of nature to be brought out in the 
future. An electric circuit is an unified, relatively independ- 
ent complex of activities, atomic in its relative independence. 
Other atomic complexes are thermal, mechanical and chemical 
systems. In actual electric circuits we have what may be 
called ‘‘molecular’’ combinations of such ‘‘atomic’’ complexes, 
higher syntheses, that are themselves unities, possessing a 
relative independence of other wholes. It is by the fact of 
such relative independence of these atomic complexes that our 
world is accessible to finite comprehension. But when a new 
molecular complex like atomic hydrogen welding emerges, 
there will come forth a new system of laws of nature develop- 
ing out of new relationships, yet to be discovered. This takes 
the suspicion of mysticism and obscurity out of Whitehead’s 
so called ‘‘organic mechanisms.’’ Wholes, atomic complexes 
of activity like the electric circuit suggest and determine the 
concepts, the universals, by which we come to characterize 
them. The whole determines the character of the abstrac- 
tions which are derived from it, and there appears, when these 
abstractions are once isolated and defined, through experi- 
mental treatment those relations among these abstractions 
which constitute the laws of nature. This makes a pattern of 
relationships giving an abstract character to the whole out of 
which it has been derived. As smaller wholes coalesce into 
larger ones, larger patterns appear, embodying new relations, 
new laws. But all this abstraction comes out of the wholes 
and their evolution. When a ‘‘molecular’’ whole, as complex 
as the human organism, appears, the whole matter of the 
little understood relations of catalysis is brought out as a 
challenging problem. So Whitehead speaks of the ‘‘evolu- 
tion of laws of nature as concurrent with the evolution of 
enduring pattern.’’ First comes some conerete whole like 
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the invention of Langmuir’s hydrogen welding process. Out 
of it as an organic whole comes the new relations, the science 
of the future. Our human organism is a complex of activities 
that dominates its parts. Whitehead’s organic mechanism is 
an actual concrete whole which dominates the system of ab- 
stractions, the ‘‘abstractive hierarchies,’’ that come from it. 
That universal, that we call electric current, comes out of a 
concrete whole called electric circuit. A particular actual 
electric circuit suggests the definition of electric current and 
the whole process of measuring it. And it does this independ- 
ently of all other types of wholes; mechanical wholes, thermal 
wholes, ete. The electric current is defined and measured 
independently of all mechanical concepts. Mechanical con- 
cepts are universals that develop out of mechanical wholes 
just as current comes out of an electric whole. The electric 
circuit becomes an ‘‘organic’’ fact determining, as a whole, 
the character of the factors which make it up. Whitehead’s 
“organic mechanisms’’ are organic in no other sense. His 
terms are misleading in this way to anyone who does not 
study him long enough to find out the ways of a mathematical 
physicist trying to interest an audience of philosophers, and 
using the language of biology. But this disadvantage does 
dot impair the real value of Whitehead’s work. It is a 
strange phenomenon, the epoch making insight of Gibbs’ 
reaching the world through the blundering of Ostwald and 
by filtering through the obscurities of Whitehead. Wholes 
come first. The electric circuit springs full grown and com- 
plete from the frogs legs squirming against the pieces of metal 
in Galvani’s laboratory. And this electric circuit, a com- 
plete atomic complex, began to form ‘‘molecular combina- 
tions’’ with thermal, magnetic, and other complexes, and out 
of these ever developing complex wholes emerged ever more 
and more complex patterns of relatedness among new uni- 
versals. It was the evolution of physical law. So it may be 
regarded, if, in order to follow Whitehead’s thought we must 
describe the course of discovery in physics in the language of 
biology. But even such a desperate course is warranted by 
the great value of his ideas. 
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We have seen how Whitehead defines universals or ‘‘ eternal 
objects,’’ what he means by the ‘‘relational essence’’ of an 
universal ; and what is signified by the ‘‘modes of ingression’’ 
under which an universal may enter any actual particular 
concrete occasion, making a world of objects comprehensible 
and controlable by minds, which are finite by nature, and 
making possible limitless development of physical systems. 

Whitehead says, ‘‘Thus an eternal object is to be compre- 
hended by acquaintance with (1) its particular individuality; 
(2) its general relationships to other eternal objects as apt 
for realization in actual occasions; and (3) the general prin- 
ciple which expresses its ingression in particular actual oc- 
casions.”’ 

The first heading deserves a little consideration. The in- 
dividuality of a physical universal is peculiar. He says, 
science (physics) ignores what anything is in itself.” 
For example, the way in which an electric current may be 
‘defined, permitting its measurement independently of the 
measurement of any other measurable whatever, is this, the 
electric current is that character of the circuit which is the 
same everywhere along the circuit (whether observed through 
magnetic, chemical, optical, thermal, or mechanical effects) ; 
and which exhibits the additive property across the circuit. 
It is a something. It has no content. It has correlations 
with many other things, with magnetic field, with heat 
quantities, with electrolytic measurables, with static charges, 
each correlate with as little content as itself. But we are 
not justified in trying to give it a content by identify- 
ing it with any of these, if they had any content themselves, 
not even with electrical charges in motion. All such identi- 
fications are mythologies and traduce the great idea of physi- 
eal science. But still the electric circuit has its particular 
individuality. This is determined by the sensuous setting out 
of which the concept emerges. The terms ‘‘along the cir- 
euit,’’ and ‘‘across the circuit,’’ which occur in its definition 
are spatial terms. Space is a form of sense perception. 
‘‘The spatio-temporal continuum is a locus of relational pos- 
sibility selected from the more general realm of systematic 
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relationships.’’ The eternal object, electrical current, gets 
individuality from its place in this locus of relational pos- 
sibility, selected from the more general realm of systematic 
relationship. Just because the universal, the electric circuit, 
comes out of the concrete whole in such a definite locus of 
relationships, embedded in a general realm of relationships, 
its special place in this realm develops so easily, once the 
universal has emerged. When this universal has ingression 
back into some particular circuit it makes its ingression 
through its particular individuality, that is to say, through 
its place in this locus of relational possibility, the spatio- 
temporal continuum. When a particular electric circuit de- 
velops through the ingression of its universals in their rela- 
tionships, there is a ‘‘togetherness of their individual es- 
sences.”” This means a togetherness of the settings, not only 
spatial, but sensuous out of which these universals originally 
emerged and from which they never achieve detachment in 
all their aspects. That is why an actual electric circuit is 
an ‘‘esthetic achievement,’’ another phrase of Whitehead’s, 
breading prejudice, because it is not understood. The de- 
velopment of an electric circuit is an art, and so implies 
esthetic achievement. Now by ‘‘ssthetiec achievement’’ 
Whitehead does not necessarily mean anything any more 
“‘artistic’’ than the work of the electrical engineer. In the 
process of abstraction the thinker gets as far away from sensu- 
ous settings as possible, reaching concepts without sensuous 
content. But when abstract thought is applied to concrete 
situations sensuous content comes back. Concrete unified 
wholes adapted to the achievement of definite ends, and with 
spatio-temporal and sensuous settings develop. Whitehead’s 
“esthetic achievement’’ means this. 

But the real significance of all this is this. The satisfac- 
tion of studying physics does not come legitimately from be- 
lieving that we are achieving any wonderful knowledge about 
electrons and atoms and ‘“‘solar systems’’ of infinitesimal 
dimensions. The mythology of physics is a delusion and a 
snare when taken seriously. Our physical measurables, uni- 
versals, eternal objects, whatever they be called are without 
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content, colorless and valueless in themselves, admirably 
suited thereby for mathematical treatment. This world of 
mathematical abstraction has esthetic values peculiar to it- 
self. And if Einstein’s relativity is a true lead, the relation- 
ships that center in space-time will give us one of the strik- 
ing unities of our world. But it will be an unity of relation- 
ships of eternal objects that in themselves are colorless and 
lacking all content. Each one has a rich relational essence, 
which means only, that it has a wealth of relations to other 
universals equally with itself, devoid of content. Whitehead 
calls these ‘‘internal relations.’’ But one needs to attend to 
just what he means by internal relations. ‘‘Since the rela- 
tionships of A to other eternal objects stand determinately 
in the essence of A, it follows they are internal relations.”’ 
But they are devoid of all content. They are just somethings. 
The satisfactions in dealing with them is to be found in their 
ingression into actual occasions, making a togetherness of 
their individual settings, achieving a concrete valuable whole, 
an ‘‘esthetic achievement,’’ say a 150,000 K.W. power unit. 
That is a real unity. Such wholes will go on developing mak- 
ing the complete civilization of the future, a whole into which, 
we may bet, if we like, on the complete ingression of the old 
ideal universals, the good, the beautiful and the true. But 
the significant problem is solved by Whitehead when he says, 
‘‘The difficulty which arises in respect to internal relations 
is to explain how any particular truth is possible.’’ In other 
words, how we may know something without knowing every- 
thing. He enunciates this solution. ‘‘The whole principle 
is that a particular determination can be made of the how of 
some definite relationship of a definite eternal object A to a 
definite finite number n of other eternal objects, without any 
determination of the other n objects, X,, X,, X;,... Xn, 
except that they have each of them, the requisite status to 
play their respective parts in that multiple relationship.”’ 
The how of the relationship of electric current to magnetic 
field, to heat quantities, to mechanical universals, is stated, 
by saying that electric current is that something, whether ob- 
served in its mechanical, its thermal, its chemical, its optical, 
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its magnetic aspects, that is everywhere the same along the 
circuit and adds across the circuit. This is the how of the 
relationship and it is the definition of the current that directs 
the process of measuring, before we know anything about 
measuring mechanical, thermal, chemical, or magnetic, ef- 
fects; or any other measurable whatsoever. Current as so 
defined is ‘‘uniformly significant’’ for the circuit in all its 
aspects as a whole.’’ And the circuit, the whole, this com- 
plex of activities, this embodiment of a unified relationship 
of abstractions, is ‘‘uniformly patient’’ of the concept cur- 
rent. ‘‘Uniform patience’’ and ‘‘uniform significance’’ is 
the characteristic of wholes that make finite knowledge pos- 
sible. 

The student of science may know something without know- 
ing everything. The student of today does not believe it. 
He is confronted with a program of studies that gives the lie 
to the statement. And yet it is true. The student who wants 
to get into the subject of electricity does not first have to 
master the science of mechanics. He can begin with electric- 
ity. He will, no doubt, become an interested student of me- 
chanics before he is through. For, the correlations of elec- 
trical phenomena with heat and mechanical phenomena will 
earry him into the whole realm of physics. But he can take 
his own time for leaving his chosen field, electricity, for 
mechanics. He can master the leading phenomena of direct 
and alternating currents without anything more than the 
merest passing notice of the simplest mechanical laws. Almost 
any contemporary physicist will be astonished at the possibili- 
ties in this direction. When these ideas are understood our 
whole instructional procedure in physics and all subjects 
related to physics in the engineering curriculum will be 
revolutionized. Also will be revolutionized the whole attitude 
of research men in physics to their problems. The writer is 
developing these ideas with remarkable success in his instruc- 
tion in undergraduate physics. It is easy enough to get 
sophomores to see it. But sophisticated physicists, will they 
ever see it? A new textbook is the last terrible resort that 
the writer faces. He would rather write his will and quit. 
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Rather than either alternative the writer would prefer that 
physicists generally would atfempt to get the great insight 
that is struggling for expression in Whitehead and which cer- 
tainly is in the work of Willard Gibbs. The same views are 
familiar to students of Professor Arthur C. Lunn of the Uni- 
versity of Chicago. It is no wonder that a great idea such 
as came to such profound expression in Gibbs should have a 
troublous career in making its way to the attention of the 
great mass of scientific workers. For it is the most tremen- 
dous step that science has ever taken toward knowing what it 
is so busy about, and how it does its job. 


D’ALEMBERT’S PRINCIPLE AND ITS RELATION TO 
THE INERTIA FORCE. 


BY F. B. FARQUHARSON, 
Instructor in General Engineering, University of Washington. 


An historical study of the development of the science of 
Mechanics shows that in the early days the solution of most 
problems involving anything but a uniform ‘‘rate of change 
of space’’ called forth the full efforts of the best mathematical 
minds of the day. In 1742 D’Alembert, in an effort to reduce 
the multiplicity of principles and laws deemed necessary to the 
solution of mechanics problems, to a few bare essentials, made 
a notable advance in the Science when he published his work 
‘‘Traite de Dynamique.’’ In this book he reduces the princi- 
ples of mechanics to three: the force of inertia, the law of 
equilibrium, and the principle of resolved motions.* 

In the preface to his book D’Alembert makes two interest- 
ing statements regarding the force of inertia and the law of 
equilibrium which seem worthy of repetition as an indication 
of what he had in mind. The following is a fairly exact trans- 
lation: 

The force of inertia (that is, the property by virtue of which 
bodies persist in their state of rest or motion), being once 
established, it is clear that motion, which has need of a cause 
in order to commence as well as to exist, may only be acceler- 
ated or retarded by an outside force. Now what are the causes 
eapable of producing or changing the motion of a body? At 
present we know only two kinds: the one is manifest to us at 
the same time as the effect which it produces, or rather of 
which it is the occasion. This type has its source in the ob- 
served and mutual action of the bodies as a result of their im- 
penetrability : these reduce to impulse and several other ac- 

*D’Alemberts third fundamental principle—resolved motions—has 
been so simplified in present-day mechanics and become so commonplace 
in vector analysis that it need be given no further consideration as a basic 
fundamental. 
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tions derived from it. All other causes are known only by 

their effect and we shall ignore completely their nature. Of 

such a nature is the cause which makes bodies fall toward the 

re gi of the earth, or that which retains planets in their or- 
its, ete... . 

_. . Now what should be the general law of equilibrium of 
bodies? All geometers agree that two bodies whose directions 
are opposed will be in equilibrium when their masses are in 
the inverse ratio of the velocities with which they tend to 
move ; but it is, perhaps, not so easy to rigorously demonstrate 
this law in a manner not lost in obscurity ; also most geometers 
prefer to discourse axioms rather than to prove them. How- 
ever, investigation shows that there is only one case of equi- 
librium which manifests itself in a clear and distinct manner; 
namely, where the masses of the bodies are equal and their 
velocities equal and opposed. It seems that the only available 
method for demonstrating a case of equilibrium under other 
conditions, is to reduce it, if possible, to this first simple case. 

These excerpts are worthy of special note since they indicate 
clearly that D’Alembert had come to no definite conclusion re- 
garding the nature of all the forces acting on a body; in fact 
unless the nature of the force was clearly apparent he pre- 
ferred to leave it unclassified. Without detracting in the 
least from the value of D’Alembert’s contribution to the sci- 
ence of mechanics, it seems timely to reopen the question that 
led to his attempted simplification and consider more carefully 
the nature of these obscure forces and their effect on the state 
of equilibrium which he postulates as one of his fundamentals. 

D’Alembert held that the equilibrium of a system could be 
clearly pictured only in the special cases of rest or uniform 
motion ; therefore he proposed the transformation of all prob- 
lems in accelerated motion to the equivalent of this simple 
state. His success in this endeavor was so notable that his 
method of solution persists even to this day and is a standard 
in all texts for handling problems in accelerated motion. It 
will be the object of this paper to investigate this general prob- 
lem with the purpose of reinterpreting the fundamentals in- 
volved in the light of present-day development and so opening 
the way for still greater simplification of complex problems. 
Since a problem in statics may be considered as a limiting 
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condition of the general problem of motion, it will be suffi- 
cient in these remarks to confine ourselves to the field of dy- 
namics. All problems in dynamics are based on a few funda- 
mentals such as Newton’s Laws of Motion (as a specialization 
of the principle of conservation of energy) a concept of equi- 
librium, and D’Alembert’s principle. It will be well to state 
clearly the form in which these concepts are commonly pre- 
sented. 

Newton’s laws will be given as literally translated from the 
Latin of the ‘‘Principia’’ rather than in the amended form in 
which they appear in most modern texts. The first law which 
is generally known as the inertia law reads as follows: 


First law: Every body remains in its state of rest or of mov- 
ing uniformly in a straight line, except so far as it is com- 
pelled by forces acting on it to change its state. 


The second law which is known as the acceleration law and 
may be interpreted as denoting the measure of a force may be 
translated thus: 


Second law: Change of motion of a body is proportional to 
the motive force acting, and takes place along the straight line 
in which the force acts. 


The third law is often called the reaction law but is more com- 
pletely described when thought of as the equilibrium law. 


Third law: To every action there is always an opposed and 
equal reaction, or the mutual action of two bodies upon one 
another are always equal and oppositely directed. 

The term equilibrium is variously interpreted but is most 
generally restricted to a body which is at rest or in a state of 
uniform motion in a straight line. Under these conditions the 
equilibrium (or static) laws —0 and are appli- 
cable. It is always specifically stated that these laws do not 
hold when the body is accelerated. 

D’Alembert’s proposal for the solution of problems in ac- 
eelerated motion by reducing them to equivalent conditions of 
staties may be stated as follows: If the system of effective 
forces were reversed and added to the external system of 
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forces, the result would be equilibrium without changing any 
of the external forces acting.* 

The preceding, almost universally accepted, statement of 
equilibrium will be investigated first with special attention to 
its relation to Newton’s laws. The standard definition of the 
word equilibrium assumes a state of balance between opposing 
forces or actions and grows directly from Newton’s third law 
which says that for every force acting in this universe there 
can be found a companion force equal to it and acting in the 
opposite direction. We may assume, then, that the third law 
will always apply when a state of equilibrium prevails as indi- 
cated by a condition of balanced forces. A study of any 
simple problem in accelerated motion reveals at once that a 
state of balanced forces exists only when the inertia forces are 
included among those acting on the system. Many instances 
might be cited where the only forces in evidence were the force 
of gravity and the opposing inertia force. 

Consider an ideal case of a gun with a frictionless barrel 
discharging a bullet into a frictionless atmosphere. If we 
imagine the gun elevated at some angle with the horizontal 
and consider the bullet as it travels the length of the barrel, 
we find that the only resistance offered to the expansion of the 
gases generated by the explosion is the inertia of the bullet 
and the component of the pull of gravity along the barrel. 
Now consider the bullet a short distance from the muzzle of the 
gun (Fig. 3). It would appear from the curved path de- 
scribed that it is acted upon by two influences, one carrying 
it forward and the other drawing it from its path in a straight 

*A condensed translation of D’Alembert’s principle as originally 
given on page 73 of ‘‘Traite de Dynamique’’ reads as follows: If a ma- 
terial system connected together in any way, and subject to any con- 
straints, be in motion under the influence.of any forces, each point of the 
system has at any instant a certain acceleration. If now to each point 
an acceleration were imparted equal and opposite to its actual accelera- 
tion, the velocities of all points in the system would become constant, 
that is, each particle would move as if free and unacted upon by any 
forces whatever. The applied accelerations, the external forces, and the 
constraints and mutual or internal forces of the system would equilibrate 
one another. Page 101, reference No. 7. 
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line. The only force which acts to advance it clearly arises 
from its tendency to persist in its condition on leaving the gun. 
This is of course its inertia force which is directly opposed 
only by a component of gravity. The other component of 
gravity will be balanced by a centrifugal force which arises 
due to the motion in a curved path and acts through the in- 
stantaneous center of curvature.* The force of gravity will 
act to deflect the projectile from its attempted straight line 
flight and eventually bring it into contact with the earth. A 
free body sketch of this projectile at any instant, whether in 
the gun or in flight, will be found to be balanced if the inertia 
force is shown on the sketch. 

A study of Newton’s laws seems to indicate that the un- 
balanced force so frequently mentioned in mechanics text 
books must exist in direct contradiction to the claims of the 
third law; since the very fact that it is unbalanced precludes 
the existence of that ‘‘companion force’’ with which the third 
law balances each and every force acting. It seems to follow 
almost axiomatically from Newton’s third law that a state of 
balance can only be brought about between actions or forces 
of the same nature. As in all mathematical equations the 
units must be the same on both sides of the equality sign; so 
in a case of balance between forces or actions the state of equi- 
librium must exist between influences of a like nature. The 
question might be raised as to whether there is any essential 
difference between the character of those influences which re- 
sist change in motion of a body by virtue of inherent proper- 
ties (inertia) and that of the resisting influences which grow 
out of physical contact with other bodies. The remainder of 
this discussion will be in support of the idea that in such cases 
where the inertia force is necessary to effect a balance of forces 
it must be considered as being of the same nature as the force 
or forces it is invoked to balance. 

It will be observed that D’Alembert’s device brings about a 
state of equilibrium by balancing the accelerating force with 
what is variously called the ‘‘reversed accelerating force”’ or 


*See appendix ‘‘B.’’ 
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the ‘‘reversed effective force.’’ Now it is generally recog- 
nized that this balancing force of D’Alembert’s is always 
equivalent to the inertia force; but it is always carefully 
pointed out that the condition which results when it is used is 
a purely fictitious one.* It seems logical to contend that a 
fictitious condition should only be assumed in a problem as a 
last resort where no other explanation is possible or where a 
great simplification arises from its use. Clearly this method 
of viewing a problem is wholly strained and unnatural, al- 
though it must be admitted that D’Alembert’s assumption 
leads to the correct and expeditious solving of the problem. 
This article would seek to demonstrate, however, that the same 
mathematical procedure and indeed the same step by step 
analysis will follow at once from a far more logical set of 
premises which consider the problem as it is without resort to 
troublesome imaginary conditions. 

The arguments here presented are advanced in an effort to 
justify the redefinition of the term equilibrium and properly 
identify and classify the force of inertia among the tools of 
engineering mechanics, since it is upon the proper understand- 
ing of these two fundamentals that the attempted simplifica- 
tion hangs. 

Consider the case of a system in equilibrium within a sys- 
tem not in equilibrium. This is the condition of any body at 
rest upon the earth, if we postulate the generally accepted 
definition of equilibrium. An investigation of this problem 
brings out clearly the fact that a state of equilibrium with 
reference to the universe and in accordance with the accepted 
definition of equilibrium would be of accidental occurrance 
only and one which has rarely, if indeed ever, existed. Nowa 
rigid analysis of problems involving motion admits no differ- 
ence (other than refinement in accuracy of detail) between 
the fundamental laws applicable to cosmic problems and those 

* Poorman says: By this method a problem in kinetics is reduced to 
a simpler one in statics, for then all the equations of static equilibrium 
will apply. The student should keep in mind that this is only an im- 


aginary force system added to the actual system for the purpose of solu- 
tion.—Page 127, reference No. 6. 
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used in solving terrestrial problems. Thus it would seem to 
follow immediately that the accepted definition of equilibrium 
is of such very limited or even faulty application as to be un- 
worthy of retention. An amplification of this argument 
should convey the idea that a body at rest with respect to the 
surface of the earth would appear to have the same accelera- 
tion through space as the earth itself; and further, that any 
condition of motion of this body with respect to the surface of 
the earth would result in a still more complex condition of ac- 
celeration through space. An attempt will be made to demon- 
strate that a condition of harmony does exist and that all prob- 
lems whether cosmic or terrestrial may be approached through 
Newton’s laws of motion and the proper understanding of the 
terms equilibrium and force of inertia. 

If we investigate the condition of a man riding on a flat car 
which is being accelerated along a section of straight level 
track, we have again a body at rest with respect to another 
body which is undergoing an acceleration. When a free body 
sketch of the man is isolated as in Fig. 1 it is evident that a 
condition of balanced forces and moments exists and further 
that in fulfilling Newton’s Third Law the accelerating force 
‘*F’’ must be balanced by the inertia foree Wa/g. This is an 
example, then, of a system in which the forces are balanced in 
spite of the fact that an acceleration exists with respect to the 
earth as a reference plane. 

Returning to the consideration of a body at rest with re- 
spect to the surface of the earth and isolating it as a free body, 
we find that the only forces required to provide a state of bal- 
ance (Fig. 2) are the force of gravity and the resulting pres- 
sure of the earth. Einstein suggests that this force of gravity 
is but a manifestation of inertia in which case it would be evi- 
dent that the equilibrium condition of the bodies of Figs. 1 
and 2 are essentially the same and are in each case brought 
about by forces of the same character.* It is also worthy of 

*Steinmetz says: The force of gravitation is resolved into a mani- 
festation of inertial motion, and an analogy thus exists between the 
centrifugal force [see appendix ‘‘B’’] as the apparent effect of the ac- 


celeration in a rotating system and the gravitational force as the effect 
of a rectilinear accelerating system.—Page 5, reference No. 4. 
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note at this point that the force which measures the inertia of 
a body under any given condition is just tangible and external 
as the force which measures the effect of gravity on the same _ 
body, and further that both of these forces are functions of 
the mass of the body. 

Reference to Appendix A further demonstrates that the 
forces of inertia as experienced on moving bodies are very 
similar to gravitational effects. 

The equilibrium of a body may be further investigated from 
the work and energy standpoint. If a body be observed as it 
moves over a given distance (8) and accelerates, we may state 
that the summation of work along the line of motion is equal 
to zero, or SW —0; that is, the work done in the direction of 
motion is equal to the work done in opposition to motion. If 
we assume the acceleration to be in the direction of motion and 
call this direction positive we may write: 


pos(S) nee(S); (1) 
but the forces acting in opposition to motion contain the in- 
ertia force F'; ; so 


DF poe(S) = Fr(S) + DoF’ nee(S), (2) 


Wa — . 
but F and § = 


so DF = — + nee(S). (3) 


Thus it appears that the initial and final kinetic energies, 
WV,?/2g and WV?/2g, of the body are derived directly from 
the work of the inertia force. The expression SW —0O can 
only hold when the work of the inertia force is considered and 
might rightly be classified as a third equilibrium law. It is 
evident from the foregoing that in all cases of accelerated mo- 
tion a condition of equilibrium of work done over a given dis- 
tance and a balance of forces at any instant can only be ar- 
rived at through the medium of the inertia force. The preced- 


‘a 
= WV? WYV.? 
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ing work demonstration also points out that the inertia force 
is closely connected with the energy stored in the body up to 
the time observation started and the work the body is able to 
do at the end of the observed period, both of which are inti- 
mately tied up with the forces other than inertial acting on the 
body. 

Assuming for the moment that the ‘‘Inertia Forces’’ are of 
the same nature as the ‘‘Gravity Force,’’ which to date has 
been considered real, it is evident that all complete free body 
sketches depend as much on the inertia force to satisfy equi- 
librium conditions as they do on the gravity force. It is 
further apparent that under this assumption D’Alembert’s 
‘‘fictitious foree’’ added to bring about an equivalent static 
condition is actually a real force necessary to maintain a state 
of equilibrium. 

As a logical conclusion drawn from these remarks we may 
state that Newton’s Third Law may be applied to any system 
or part thereof no matter what its state of rest or accelerated 
motion ; and may further claim that all systems known to man 
may be considered as being in equilibrium, that is, at any 
given instant the forces acting on the system are balanced. 

A definition of the equilibrium state for use in the solution 
of all problems in mechanics might then read as follows: All 
systems or parts thereof which obey natural laws are in a 
state of equilibrium; that is, at any given instant Newton’s 
Third Law will be found to apply and the instantaneous forces 
or actions influencing the body will be balanced. 

Briefly summarizing the statements of the preceding para- 
graphs we will note: 

1. All forees which are observed to act on material bodies 
may be considered as being either of gravitational or inertial 
derivation. (The implications of the modern conception of 
the electrical theory of matter are sufficient authority for this 
statement. ) 

2. The force of gravity and the forces of inertia are so simi- 
lar in their manifestations that it seems unnecessary to dis- 
criminate between them. 
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3. All forces acting on any material body to place it in equi- 
librium are of essentially the same character. 

4. It matters not whether we call these forces real or im- 
aginary, since in either case we have included all the forces 
acting on the body. 

In conclusion this article would propose two basic funda- 
mentals in place of D’Alembert’s three and would submit them 
as follows: 


1. The Principle of the Conservation of Energy (Newton’s 
Laws of Motion). 
2. The revised conception of the equilibrium state. 


The application of these two general principles and the as- 
sumption that all forces acting on a body are of the same na- 
ture opens the way for the very simple solution of many com- 
plicated problems in Mechanics. The most difficult part of 
any such problem now becomes the drawing of the freebody 
sketch which will depict all the forces acting on the body.* 

* Appendix C gives a general rule for such a sketch with an applica- 
tion to a problem of a rolling body on an incline. 


APPENDIX ‘‘A.’’ 


The man on the flat car illustrated in Fig. 1 must lean for- 
ward to keep his balance as the car is accelerated. Let ‘‘F”’ 
be the force communicated from the car to the man, that is 
the accelerating force on the man. This will be balanced by 
the inertia force Wa/g acting through the center of gravity of 
the man. A condition of equilibrium about his base “‘A”’ 
will exist when the man leans forward so that the moment of 
his weight balances the moment of the inertia force. If the 
man now walks with a uniform velocity toward the front of 
the car he experiences a sensation exactly similar to that of 
walking up a grade. Reference to Fig. 4a will show that the 
resistance he is forced to overcome in order to advance is 
equivalent to the inertia foree Wa/g which was in evidence as 
he stood still. If he moves through a distance ‘‘S’’ he will 
perform an amount of work equal to (Wa/g)(S) so we may 
write: 
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Work = ws. (4) 


Now if the same man walks at a uniform velocity up a slope 
of angle 6, Fig. 4b, the work done as he moves through a dis- 
tance ‘‘S’’ will be (W) (h) ; but A==(S8) sin 6, therefore 


Work = (S)(W) sin @. (5) 


To obtain the slope equivalent to the condition of Fig. 4a 
equate (4) and’ (5), thus 


(S) = ($)(W) sin (6) 
and sin = 
g 


Thus it is apparent that the resistance overcome in walking 
a distance ‘‘S’’ on a flat car which has an acceleration ‘‘a’’ is 
exactly the same as that overcome in walking the same distance 
up an incline of sin-? a/g. 


APPENDIX ‘‘B.’’ 


When the arguments set forth in this article are applied to 
the problem of centrifugal force it is found that the same con- 
dition of equilibrium exists. That is, the so-called centrifugal 
force is found to be an inertial manifestation induced by the 
acceleration toward the center of rotation, which arises from 
the constrained motion in a circular path. It may be simply 
demonstrated that this acceleration toward the center exists 
regardless of the type of curvilinear motion. It is thus evi- 
dent that whenever a body is constrained to move in a curved 
path an inertia force will be observed to act upon it in op- 
position to the direction of acceleration which will always be 
toward to the instantaneous center of curvature. We may 
then say that the centrifugal force acting on a body moving 
in a curved path is of the same nature as the gravitational 
force to which the body is subjected or is, in fact, an inertia 
force. In Fig. 5 the inertia force Wa:/g opposes the tangen- 
tial acceleration and the inertia foree Wa,/g opposes the nor- 
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mal acceleration (acceleration toward the center of rotation 
‘‘A’’). Referring back to Fig. 3, the inertia force Wa:/g 
which arises due to the motion of the projectile in a curved 
path is in fact the centrifugal force and acts to balance the 
normal component of gravity Wz. 


APPENDIX ‘‘C.’’ 


In a free body sketch the system or structure or part thereof 
to be investigated is shown isolated from all other bodies which 
act upon it in any forcible way. The action of all forces and 
moments which were supplied through the influence of the 
parts of the system taken away, on the part under considera- 
tion, are shown by force and moment arrows applied at the 
proper points and in the right direction and marked with 
their respective symbols or values. 

Free body sketches pertaining to problems involving motion 
cannot be considered complete until the direction of velocity 
and acceleration have been indicated. In such problems the 
proper inertia forces and inertia moments must be shown act- 
ing in opposition to their respective accelerations and the fric- 
tional forces acting contrary to the direction of motion, while 
all gravity forces should be resolved into components acting 
perpendicular and parallel to the direction of motion. In the 
completed sketch all forces and moments acting will be shown 
in direction by arrows and in magnitude by the accompanying 
symbols or known values. Since these are working sketches 
the requisite dimensions are essential to their completion. 

Fig. 6a shows a sphere of weight ‘‘W”’ rolling without slip- 
ping down an incline of angle 6. Fig. 60 illustrates the com- 
plete free body sketch for such a problem which is now simply 
soluble by the application of the equilibrium laws =F —0 and 
=M=0. In accordance with standard notation the symbols 
in Fig. 6b have the following significance : 


V = Velocity of translation. 

a= Linear acceleration. 

w = Velocity of rotation (radian measure). 
a == Angular acceleration (radian measure). 
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Wa/g = Inertia force. 
Ia = Inertia moment. 
F; = Frictional force. 
W = Weight. 
W: = Component of gravity parallel to slope. 
W, = Component of gravity normal to slope. 
R = Radius of sphere. 
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THE POUND AS COMPARED WITH THE ‘‘SLUG”’ 
AS A UNIT OF MASS. 


BY T. F. HICKERSON, 
Professor of Civil Engineering, University of North Carolina. 


Newton’s Second Law of Motion, as ordinarily interpreted, 
states that a body when acted’ upon by an unbalanced force 
will be accelerated in the direction of the force by an amount 
which is directly proportional to the force and inversely pro- 
portional to the Mass (or inertia) of the body. That is, 

F = KMa, (1) 
where F force, 
K =a constant, 
M = mass, 
a = acceleration. 


It is a well-established fact that the pull of the earth on 
bodies of various masses is a force (called weight, W) which, 
acting alone, will produce an acceleration of g feet per second? 
(in a vacuum). Hence substituting in equation (1), we have: 

W = KMg. (2) 


In dividing equation (1) by equation (2), the quantities M 
and K are eliminated, and the result is ; 


or (3) 


Formula (3) is widely used by engineers in the solution of 
problems in kinetics where the motion is that of translation. 
It holds true regardless of whatever unit may be chosen for 
M, the mass. In fact, mass is not mentioned in formula (3). 

In each of the three established systems of units given in 
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Table 1, the constant K purposely becomes wnity. Newton’s 
Second Law of Motion in terms of these units is as follows: 

1. International: A force of 1 dyne acting on a mass of 1 
gram produces an acceleration of 1 centimeter per second?. 

2. British: A force of 1 poundal acting on a mass of 1 
pound produces an acceleration of 1 foot per second*. 

3. British Engineers: A force of 1 pound acting on a mass 
of 1 slug produces an acceleration of 1 foot per second?. 

Of these systems, the C. G. S. was fixed by an International 
Conference at Paris in 1875. In the British System, often re- 
ferred to as the British Absolute, the pound is the unit of 
mass and the unit of force is called powndal, a term suggested 
by the late Professor James Thompson. In the British engi- 
neers’ system, the pound weight at sea level in London is 
taken as the unit force, the unit mass being 32.1912 pounds, 
for which unit the term slug was suggested by Professor A. M. 
Worthington. 

TABLE 1. 


MECHANICAL UNITS. 


Units in Each System. 
Systems of Units. 


Time. | Mass. 


International or i Second | Gram 
Centimeter-gram- 
second (C. G. S.) 
g = 981 nearly 


British or 
F -seco: 
Foot pound nd 
g = 32.2 nearly 


British Engineers’ or Pound 
Foot-slug-second = Weight of a pound 
(F. 8. 8.) mass at London and 
Go’ = 32.1912 at sea level. 1 Ib. 
wt. = g.’ poundals. 


Proposed Engineers’ or Pound 
Foot-pound-second = Weight of a pound 
(F. P. S.) mass at 45° north 
Jo = 32.1740 latitude and at sea 

level. 
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According to the modified Engineers’ System of units, which 
the writer proposes, Newton’s Law reads as follows: A force 
of 1 pound acting on a mass of 1 pound produces an accelera- 
tion of go feet per second?. (See formula (5).) 

On comparing formulas (1) and (3), it follows that 


and . (4) 


Of the quantities mentioned in equation (4), M and K are 
constants, but W and g vary slightly at different places on the 
earth ; the ratio W/g, however, remains invariable. 

The weight of a body is the force that gravity exerts on that 
body. It depends (1) on the mass of the body; (2) on the ac- 
celeration of gravity (g), which varies inversely as the square 
of the distance from the mass-center of the earth; hence the 
weight of a body depends upon its position as regards the 
center of the earth. The distance, however, of all inhabited 
places on the earth from the center is so nearly constant, that 
for all practical purposes we may assume that the acceleration 
of gravity is constant (the extreme variation—see Table 2—is 
about one third of one per cent). Consequently for practical 
purposes we compare masses by their weights, although they 
have different meanings. 


At 45° north latitude and at sea level, it is known that the 
acceleration (go, say) of a falling body (in a vacuum) is 
32.1740 feet per second per second, or for all practical pur- 
poses, it is 32.2 feet per second’. 


Ww 
KM = — 
g 
TABLE 2. 
VALUES OF g. 
In Foot-Pound-Secs. In Cm. Gm. Secs. 
The Equator.............. 32.091 978.10 
45° N. Latitude.........; 32.174 980.10 
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Also, let us assume the weight or earth pull of bodies at 45° 
north latitude and at sea level to be identical with their in- 
variable masses, the wnits of mass and weight each being the 
well-known pound. 

Accordingly, at 45° north latitude the quantities M and W 
of equation (4) will cancel, and we shall have 


or 


Hence formula (1) becomes 
F= = (closely). (5) 


Substituting the value of K in equation (4), and solving for 
W, gives 


(6) 


Equation (6) gives the weight (or earth pull) of bodies at 
any place on the earth’s surface; it also gives the planet pull 
of a bod'y on Mars or any other planet. If we imagine a body 
on the surface of some isolated planet twice as dense as the 
earth, then its weight would be twice its weight at our 45° 
north latitude, the mass remaining unchanged. Formula (6) 
shows this to be the case, since the value of g would be double 
its value on the earth. 

Evidently the values of g vary so slightly at different posi- 
tions on the earth’s surface that the average value of g 
(= go== 32.2) will be sufficiently close for all practical pur- 
poses. Hence, we have 


W=M _ (closely). 
That is, the weight and mass of bodies may be regarded as 
identical, each being expressed in pounds. This statement is 
everywhere exactly true when a body is ‘‘weighed’’ by means 


of a balance scale (as is customary in commerce) instead of a 
spring balance. 
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TABLE 3. 


THE PoUND as COMPARED WITH THE SLUG AS A UNIT OF MAss. 


Systems of Units. 


(1) 
Foot-Slug-Second. 


(2) 
Foot-Pound-Second. 


Mass 


g 


=M =" W=W (closely) 


Moment of Inertia 


=I=f2°dM = Slug-ft.2 


=I ={2°dM =Pound-ft2 


Radius of Gyration 


=f =y2 = Same for both Cases. 


Moment of Inertia 


Translation 


g 


Rotation 


T =Ia = Mra = 


where a@ is the angular 
acceleration produced by 
a torque 7 on a body 
whose moment of inertia 
is J in slug-ft.? units. 


where a@ is the aa 
acceleration produced by 
a torque 7 on a body 
whose moment of inertia 
is I in pound-ft.? units. 


Kinetic Energy 
(Translation) 


= 5 Me = 


Kinetic Energy 
(Rotation) 


1W 


w is the 
velocity in radians per 
sec., and J is the moment 
of "inertia in slug-ft.? 
units. 


1M: 
2 do 2 9o 
where w is the angular 
velocity in radians per 
sec., and J is the moment 
of inertia in pound-feet? 
units. 


Potential Energy 
(Translation) 


= Mgh = Wh 


Linear Momentum 


g 


Angular 
Momentum 


I being in slug-ft.? units. 


g 
I beingin npound 2 units. 


Linear Impulse 


= {Fdt = Pound-secs. = Same for both cases. 


Angular Impulse 


= f{Tdt = Foot-pound-secs. = Same for both cases. 


Work (Translation) 


= {Fds = Foot-pounds = Same for both cases. 


Work (Rotation) 


= {Td = Foot-pounds = Same for both cases. 
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THE POUND AS COMPARED WITH THE ‘‘SLUG.’’ 841 


Hence the vague idea of a slug (32.2 Ibs.), the unit of mass 
presented in texts on Engineering Mechanics, might be en- 
tirely abandoned ; thus simplifying the subject to a consider- 
able extent, in the writer’s opinion. 

Table 3 shows by comparison how typical quantities and ex- 
pressions would be represented on the basis of (1) the slug 
and (2) the pownd as the unit of mass. 


REMARKS ON TABLE 3. 


It should be noted that in every case the final working for- 
mula in terms of the weight of the body is exactly the same 
regardless of whether the slug or the pound is the standard 
unit of mass. The only exception to this statement is of course 
the expression for mass itself, which is W/g for Case (1) and 
W for Case (2). 

The moment of inertia of solids is expressed in the familiar 
pound-ft?. units for Case (2) as against the unfamiliar slug- 
ft?. units for Case (1). 

According to the pound standard, momentum is defined as 
proportional to mass X velocity instead of equal to mass X ve- 
locity. Likewise, kinetic energy is defined as being propor- 
tional to 14(mass) X v? instead of being equal to 14(mass) 
v*. The expression for potential energy, however, is simpli- 
fied in being Mh instead of Mgh. 


CONCLUSIONS. 


The final result of any problem in kinetics will be exactly 
the same whether we use the slug or the pound as a standard. 
The slug, however, is a unit that is not met with in everyday 
life, and hence its use in mechanics tends to confuse and 
mystify the student. The weight of one slug is nearly 32.2 
pounds. The burden of carrying a slug in one’s pocket in- 
stead of a pound just about expresses the relative burden on 
the average student’s mind in trying to think in terms of slug 
units instead of pound units. 

In conclusion the writer wishes to hereby enter a plea for 
the adoption of the pound instead of the slug as the unit of 
mass, 
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ON THE TEACHING OF ISOMETRIC DRAWING. 


BY RUDOLPH MICHEL, 
Assistant Professor of Engineering Drawing, University of Illinois. 


In the textbooks on engineering drawing used by most of the 
colleges of the country, a cube is used to illustrate the position 
in which a body must be placed relative to a plane so that its 
orthographic projection on that plane will be an isometric. 
The cube is oriented so that one of its body diagonals is per- 
pendicular to the plane of projection, perpendiculars are 
dropped from the corners of the cube to the plane, whence the 
isometric projection is formed. 

If the student wishes to apply this illustration to another 
object, such as a rectangular prism, he immediately imagines 
the prism oriented so that its body diagonal is perpendicular 
to the plane of projection. However, the orthographic pro- 
jection of the prism on the plane, when in the position de- 
scribed, will not result in an isometric of the prism. This will 
occur only when the plane faces of the prism, or their lines of 
intersection, make equal angles with the plane of projection. 
The orthographic projections of these mutually perpendicular 
lines will be equally foreshortened, hence the term isometric 
is applied to this form of projection. 

In explaining this subject to his classes, the writer generally 
uses a rectangular prism as the first illustration, explaining 
that it is in an ‘‘isometric position’’ with reference to a plane 
when its mutually perpendicular plane faces, or their lines of 
intersection, make equal angles with the plane of projection. 
The value of this angle will be 35° 16’. Nothing is said, or 
need be, about a body diagonal of the object. 

The writer has found that in explaining the subject in the 
manner indicated, very little difficulty is encountered by the 
student in applying the theory to objects of any form. A 
right circular cylinder, for example, is imagined placed inside 
of a rectangular prism, after which the above method may be 
applied. 
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TWO COURSES IN PUBLIC SPEAKING FOR 
ENGINEERS. 


BY WINWARD PRESCOTT, 


Assistant Professor of English, Massachusetts Institute of Technology, 
Cambridge. 


During the past few years the English Department of the 
Massachusetts Institute of Technology has extended its work 
in composition to include oral English. Since the present ac- 
count is concerned with this type of work as applied to upper- 
classmen, I shall not describe the mechanics of the oral com- 
position used for the first and second year classes, except to 
say that during each term the lowerclassmen are required to 
give four short talks, not speeches, from three to five minutes 
in length, either extemporaneously or upon prepared subjects. 

This work is continued for upperclassmen by two courses, 
one an elective—General Study 47, Informal Public Speak- 
ing—and one required for seniors in the course in Chemical 
Engineering—Chem, Eng. 1015, Thesis Reports and Memoirs. 
The work of these two courses is similar in fundamentals, and 
both are at times described figuratively as the ‘‘Board of Di- 
rectors Course.’’ I shall therefore explain the work under 
the following headings: (1) the basic plan and principles, (2) 
the procedure in classroom work, (3) the supplementary lec- 
tures and instruction, and (4) the differences between the gen- 
eralized course, General Study 47, and the technically special- 
ized course, Chem. Eng. 1015. 

1. Basic Plan and Principles.—The class imagines itself a 
board of directors, and adopts a constitution and rules of order 
which are presented to the ‘‘board’’ by a standing committee, 
Committee on Procedure, elected from the class. Another 
standing committee, Committee on Organization, presents a 
schedule of officers, so that at each meeting the work of the 
“‘board’’ is conducted by a chairman and secretary. A third 
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844 TWO COURSES IN PUBLIC SPEAKING. 


standing committee, Committee on Subjects, presents a list of 
topies for reports and discussion. The students are allowed to 
choose the subjects upon which they wish to report, either 
individually, ‘‘one-man’’ reports, or as a committee, ‘‘three- 
man’’ reports, and the Committee on Organization draws up 
a schedule of meetings for the entire term showing for each 
day the chairman, secretary, subject of the day’s report, and 
names of the reporting committee. By this system each stu- 
dent during the term acts officially as chairman and as secre- 
tary, and presents two reports, one by himself and one as a 
member of a reporting committee. 

2. Procedure.—The procedure is that of any deliberative as- 
sembly, such as a board of directors or a temporary investigat- 
ing committee appointed by a legislature. The regular rou- 
tine includes the minutes of the last meeting, notices or an- 
nouncements by any of the standing committees in regard to 
changes of schedule, subjects, etc., and the report of the com- 
mittee for the day which must end with specific reeommenda- 
tions upon which the ‘‘board’’ is supposed to act. This re- 
port is discussed by the ‘‘board,’’ questions are asked from 
the floor, the reporting committee and its findings are ‘‘under 
fire’’ and must answer or attempt to answer questions and ob- 
jections in regard to the facts and recommendations of the re- 
port. The ‘‘board”’ finally accepts or rejects the report and, 
if the former, very often adopts the recommendations by 
formal motion. These recommendations are usually voted 
upon separately, and in many cases are amended by the 
‘*board’’ before being finally adopted. 

The report which has been thus orally presented is also 
written in good report form and given to the instructor for 
correction and comment. 

3. Supplementary Lectures and Instruction.—All the fore- 
going procedure is guided by lectures and individual instrue- 
tion. During the first part of the course there are lectures on 
the duties of the officers and of the reporting committee, on 
Parliamentary Law and legislative procedure, and on reports 
—both as to oral presentation and as to correct form and 
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method in written reports. Considerable individual instrue- 
tion is also given in conference with the reporting committee 
in preparation for the presentation of the report. At times 
the chairman will be asked to attend the conference of the com- 
mittee for his day, in order to get enough idea of the subject 
to enable him to direct the discussion of the ‘‘board’’ to the 
correct issues. At the end of each hour there is usually a 
period of from five to ten minutes reserved for criticism. 
During this period the instructor may make definite comments 
on the report, its presentation, the discussion and motions of 
the ‘‘board,’’ and of the work of the chairman in handling the 
meeting and the matters of parliamentary law involved. This 
is sometimes varied by allowing the members of the class to 
criticize the work of the chairman and the reporting com- 
mittee; and then allowing the committee to have its innings 
and criticize the way in which the ‘‘board’’ handled its dis- 
cussion, motions and procedure. This method is often amus- 
ing as well as instructive, because the committee may gleefully 
point out some weak point in their report, upon which they 
expected to have troublesome questions, but which the ‘‘board”’ 
entirely overlooked. The pleasure which the undergraduate 
takes in ‘‘getting away with murder’’ is here enhanced by the 
fact that he ‘‘got by’’ his classmates who were supposed to 
trip him up if possible. On the other hand, a poor report is 
torn to pieces without mercy, and: the committee have to listen 
to some caustic comment on their work and ability, expressed 
with a freedom and vigor reminiscent of some of our recent 
Senate inquiries. 

It might be mentioned in passing that during the class hour, 
from the time the chairman calls the meeting to order until 
the ‘‘board’’ votes to adjourn, the instructor sits in the back 
of the room and is presumed to be non-existent. This is on 
the theory that the ‘‘board’’ must handle its own affairs with- 
out appeal to the instructor. At times of course the meeting 
will become so involved in a tangle of parliamentary law that 
the instructor has to be appealed to in order to allow the 
““board’’ to proceed with its work. After the written report 
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is in, the instructor has a conference with the committee, reads 
the report and makes corrections as to its form, and may also 
make more detailed criticism of the oral presentation. 

4. Differences between Courses.—So far this description has 
applied equally to both courses, but between the two there are 
distinct differences owing to the fact that General Study 47 is 
an elective, taken by a variety of men, who in their profes- 
sional courses are studying all sorts of different engineering 
work, while Chem. Eng. 1015 is a required subject, taken only 
by a group professionally trained in one branch of engineer- 
ing. It might be mentioned as an indication of the more 
technical bias of the latter course, that Professor C. 8. Robin- 
son of the Department of Chemical Engineering, who is in 
general charge of Chem. Eng. 1015, is present at all meetings 
and makes criticisms of the technical material of the reports. 

The differences mentioned above show mainly in two ways: 
first in the subjects of the reports, and second in the spirit of 
the ‘‘board’’ in discussion. For General Study 47 the sub- 
jects are varied and broad in scope—Comparison of Electric 
Refrigerators, A Bonus System for the XYZ Factory, The Use 
of Coal, Oil or Gas for Industrial Heating, Advertising by 
Radio, Employment Insurance for the XYZ Company, Com- 
mercial Aircraft, Electrification of the South Terminal Sta- 
tion, Employee Representation in the Management of the Gen- 
eral Electric Company. In the case of Chem. Eng. 1015, how- 
ever, many of the subjects are severely technical, and in some 
cases are based on laboratory work done by the class during 
the preceding semester—Proposed Plant for Manufacturing 
Barium Nitrate, The Wood Products Situation, Building, Or- 
ganization and Operation of a Sal Soda Plant. Such subjects 
take up about half the hours, the others being more varied— 
Factory Location for the XYZ Plant, Advertising Campaign 
for the XYZ Soap Company, Oil Burning Equipment for the 
XYZ Company, Inquiry into the Loss of the Airship Shenan- 
doah. 

The spirit of the ‘‘board’’ shows an even greater difference 
than the subjects. On the one hand the students in General 
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Study 47 are drawn from all over the Institute and from its 
various professional courses, they seldom see each other out- 
side this particular class, and have little community of inter- 
est; whereas the chemical engineers in 1015 have been work- 
ing together for three years, know each other intimately, and 
are welded together by the mutual interest of their profes- 
sional course. For these reasons their comments, questions 
and discussion are much more alive and ‘‘real’’ than those of 
the General Study men, their professional knowledge makes 
their questions and comments pertinent, and seldom allows a 
mediocre report or a vague conclusion or recommendation to 
‘‘get by.’’ Knowing each other intimately they have no 
hesitation about trying to spring something on the chairman, 
particularly in the way of complicated motions or parliamen- 
tary law tactics; and a group of three or four men who do this, 
do it with the full realization that at later meetings when they 
have to act as chairmen, the chairman whom they are now 
heckling will be on hand with his friends to ‘‘get back’’ at 
them in the same way. At times they will address each other 
by titles, as when one class imagined itself as a naval board of 
inquiry and the chairman recognized ‘‘Vice-Admiral Jones,’’ 
‘*Lieutenant-Commander Smith’’ and other dignitaries. Even 
granted that this is a minor point carried on in a spirit of 
fun, as when in the naval inquiry meeting the badgered chair- 
man stilled a too finical questioner by addressing him as 
‘Chief Petty Officer Jones,’’ yet it is an indication of the in- 
terest the men take in the imaginative features of the work, 
and that the meetings are far from being dull routine. 

The most interesting and pleasing thing about these courses, 
from the instructor’s point of view, is to see the sudden awak- 
ening of interest in the students, and the subsequent speeding- 
up of the work. Once the men realize that the practicing en- 
gineer is constantly called on to give oral reports based on his 
written reports, and to stand up and answer questions before 
boards of directors, then they understand that this particular 
English course is actually ‘‘professional,’’ and to their minds 
therefore valuable training for them. They immediately see 
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that the more they talk the more training they get, and there- 
after there is seldom any period of silence—everybody wants 
to get on his feet and speak, and it is the duty of the chairman 
and of the instructor to see that everybody has his chance, but 
more important that he talk to the point and add to the sense 
of the discussion rather than merely orate. As a matter of 
fact the members of the ‘‘board’’ are quick to spot irrelevant 
remarks or questions, and are seldom backward about com- 
menting upon such with a frankness which would seldom be 
heard in an actual directors’ meeting. 

The imaginative elements referred to above are in them- 
selves a valuable indication of how the students take this work, 
—how they get into the spirit of playing itasa game. Granted 
a class which has any imagination at all, it is not long before 
it shows itself capable of cooperative thinking. The ‘‘board’’ 
understands that in adopting recommendations it is spending 
the money of its company, and a ‘‘live’’ chairman will recog- 
nize this and may say, ‘‘Mr. Jones, our treasurer, may be able 
to tell us whether we can spend this amount of money on ad- 
vertising,’’ or ‘‘Mr. Smith, our sales manager, can probably 
tell us how this policy will affect our sales’’—thus not only 
keeping up the fiction of a real company, but also giving the 
‘‘treasurer’’ or ‘‘sales manager’’ a chance to show his im- 
agination and ability to speak extemporaneously. 

With the consequent speeding-up of the work the whole 
class develops ease and technique, and a group whose first re- 
ports and discussions were cumbersome, hesitating and stum- 
bling, will, during the latter part of the semester, produce well 
planned, smoothly presented reports which are handled with 
brisk, business-like method by an alert and experienced 
‘*board.”’ 


NEW MEMBERS. 


ARNOLD, DEAN M., Assistant Dean in charge of Freshmen, Instructor in 
Mathematics, Duke University, Durham, N. C. Harold C. Bird, 
S. R. Schealer. 

Batt, THoMAS F., Head, Department of Electrical Engineering, Univer- 
sity of South Carolina, Columbia, S. C. J. L. Newcombe, W. S. 
Rodman. 

Berry, EpwarD F., Associate Professor of Civil Engineering, Syracuse 
University, Syracuse, N. Y. Louis Mitchell, F. L. Bishop. 

Britl, Pop B., Lecturer in Industrial Management, Yale University, 
New Haven, Conn. H. L. Seward, C. F. Scott. 

Brown, RoperT R., Instructor in Electrical Engineering, North Caro- 
lina State College, Raleigh, N. C. C. W. Ricker, W. H. Browne. 
DIsTLER, THEODORE A., Director of Student Welfare, New York Univer- 

sity, New York City. C. W. Lytle, Jos. W. Roe. 

Dopps, JoHN S., Associate Professor of Civil Engineering, Iowa State 
College, Ames, Iowa. A. H. Fuller, R. A. Caughey. 

EpwarbDs, CHARLES W., Professor of Physics, Duke University, Durham, 
N.C. Harold C. Bird, 8S. R. Schealer. 

Euuiort, WILLIAM W., Professor of Mathematics, Duke University, Dur- 
ham, N.C. Harold C. Bird, S. R. Schealer. 

ENTWISTLE, JAMES L., Instructor, Massachusetts Institute of Technology, 
Cambridge, Mass. D. C. Jackson, W. H. Timbie. 

FARQUHARSON, FREDERICK B., Instructor in General Engineering, Uni- 
versity of Washington, Seattle, Wash. E. R. Wilcox, C. C. More. 

FLOWERS, Roser L., Professor of Mathematics and Vice-President, Duke 
University, Durham, N. C. Harold C. Bird, 8. R. Schealer. 

GLEASON, Gzorce Scorr, Instructor in Engineering Drawing, Yale Uni- 
versity, New Haven, Conn. R. S. Kirby, P. G. Laurson. 

Haut, WiutraM H., Professor of Civil Engineering, Duke University, 
Durham, N.C. Harold C. Bird, 8. R. Schealer. 

Hatiey, CHARLES C., Professor of Physics, Duke University, Durham, 
N.C. Harold C. Bird, 8. R. Schealer. 

JOHNSON, WitL1AM D., Instructor in Electrical Engineering, University 
of Missouri, Columbia, Mo. E. J. MeCaustland, M. P. Weinbach. 

LeicH, CHARLES W., Associate Professor of Mechanics, Armour Institute 
of Technology, Chicago, Ill. C. I. Palmer, R. V. Perry. 

MarcHant, Guy B., Assistant Professor of Electrical Engineering, 
Evansville College, Evansville, Ind. M. B. Robinson, R. C. Robb. 

Miter, ALFRED L., Assistant Professor of Civil Engineering, University 
of Washington,.Seattle, Wash. E. R. Wilcox, C. C. More. 
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PIETENPOL, WILLIAM B., Professor of Physics, University of Colorado, 
Boulder, Colo. O. C. Lester, F. L. Bishop. 

Putnam, RussELy C., Instructor in Electrical Engineering, Case School 
of Applied Science, Cleveland, O. T. M. Focke, C. L. Eddy. 

Reeves, EpwarD H., Instructor, Sheffield Scientific School, Yale Univer- 
sity, New Haven, Conn. C. J. Tilden, P. G. Laurson. 

ROEMMELE, HeRBerT F., Instructor in Mechanical Engineering, Cooper, 
Union, New York City. F. M. Hartman, G. F. Bateman. 

SEELEY, WALTER J., Associate Professor of Electrical Engineering, Duke 
University, Durham, N. C. Harold C. Bird, 8. R. Schealer. 

SEVERINGHAUS, WILLIARD L., Assistant Professor of Physics, Columbia 
University, New York City. Geo. B. Pegram, J. K. Finch. 

Sparrow, T. A., Instructor, University of Maine, Orono, Maine. B. C., 
Kent, A. Sloane. 

Stewart, LoweE.u O., Assistant Professor of Civil Engineering, Iowa 
State College, Ames, Iowa, A. H. Fuller, F. L. Bishop. 

VALLANCE, ALEX, Adjunct Professor of Mechanical Engineering, Univer- 
sity of Texas, Austin, Texas. M. E. Farris, Wm. T. Magruder. 
WANNAMAKER, WILLIAM H., Dean and Vice-President, Duke University, 

Durham, N. C. Harold C. Bird, J. L. Newcombe. 
WEIsIGER, KENDALL, Director of Employment and Training, Southern 
; Bell T. & T. Co., Atlanta, Ga. W. E. Wickenden, H. P. Hammond. 
Wison, Rosert N., Professor of Chemistry, Duke University, Durham, 
N. ©. Harold C. Bird, 8. R. Schealer. 
Total new members since annual meeting, 143. 


A. E. 8. C. SYMBOLS FOR HEAT AND 
THERMODYNAMICS. 


Eprror, JOURNAL OF ENGINEERING Epucation: In the Feb- 
ruary, 1928, issue of your JouRNAL, you printed a set of sym- 
bols for Heat and Thermodynamics, prepared by a Sub-Com- 
mittee of the American Engineering Standards Committee, 
which includes representation of the 8. P. E. E. It should be 
noted that this is a tentative list, and that constructive criti- 
cism is solicited. This should be mailed to the undersigned. 

Sanrorp A. Moss, 
Thomson Research Laboratory, 
General Electric Co., 
River Works, 
920 Western Ave., 
West Lynn, Mass. 


COLLEGE NOTES. 


Case School of Applied Science offers to the seniors in 
civil engineering a new course in the Administration and 
Finance of Highway Engineering. 

Professor W. E. Rice, Professor of Municipal Engineering, 
is offering an executive course covering the history of our na- 
tional highway construction, methods of finance in state and 
local road building, functions of our highway departments, 
and the major problems of economy and maintenance. He is 
also going into the traffic problems, as well as the social and 
economic problems that are involved. 

Case is one of the few engineering colleges to offer such a 
course as this which is now training the senior civils to take 
their places as executives with a knowledge of taxation meth- 
ods, of city planning, and of the best methods of modern high- 
way engineering. 


University of Idaho.—<Assistant Professor of Civil Engi- 
neering John W. Howard replaced Associate Professor A. P. 
Ludberg, who resigned to return to the American Bridge Com- 
pany. 

N. P. Bailey, former instructor in engineering, was ap- 
pointed Assistant Professor of Mechanical Engineering. 

I. N. Carter has been advanced to an Assistant Professor- 
ship in the Civil Engineering Department. 

J. E. Buchanan was appointed Testing Engineer to replace 
J. L. Hemmert. 

R. E. Dole replaced A. Knudsen as Shop Instructor in Me- 
chanical Engineering. 


Addition to Physical Equipment. 


Civil Engineering: A 50,000-pound Riehle testing machine 
and a blue print apparatus were added to existing equipment. 
Electrical Engineering: Two motor generator sets were 
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ii COLLEGE NOTES. 


added to the laboratory, and the laboratory floor space was 
doubled to relieve congestion. 

Mechanical Engineering: A Liberty air plane engine, an 
ammonia ice plant, and an oil fired cupola were included in 
this year’s expansion. 

During the year, the engineering faculty has met regularly 
in informal meetings for the study and discussion of educa- 
tional problems and methods. 


It is the custom of the University of Kansas to hold an en- 
gineering conference at which some general subject of impor- 
tance and interest is discussed. On March 5 of this year, the 
subject of electrical communication was considered and papers 
were presented dealing with various phases of telephony, the 
transmission of pictures and television. 

The most important contribution was a presentation by Dr. 
Herbert E. Ives, Research Engineer for the Western Electric 
Company and the Bell Telephone Laboratories, of the subject 
of Television. This was the first attempt at a popular ex- 
planation of this accomplishment and was of special interest 
because of the close connection of Dr. Ives with the develop- 
ment of the process. Apparatus was used which permitted a 
clear demonstration of the theory and the practical accom- 
plishment of television. About 3,000 people, including scien- 
tists from neighboring cities, made up the audience. 


University of Southern California.—Twenty-three years 
after the inauguration of the first courses in engineering at 
the University of Southern California a college of engineering 
has been created at that institution. The demand for engi- 
neering education in this section of the southwest on the part 
of the young men of this region and the need of industries in 
southern California for centralized and adequately-equipped 
engineering laboratories has led the board of trustees of the 
University to authorize this college. Philip S. Biegler, pro- 
fessor of electrical engineering at the University for the past 
five years, has been appointed acting dean by President Rufus 
B. von Kleinsmid. 
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COLLEGE NOTES. iii 


This new college which will open its doors in September will 
be made up of five major divisions with separate chairmen as 
follows: Chemical Engineering, Professor Wilfred W. Scott; 
Civil Engineering, Professor Robert M. Fox; Electrical Engi- 
neering, Professor Philip S. Biegler; Mechanical Engineering, 
Profesor Thomas T. Eyre; Petroleum Engineering, Professor 
Allan E. Sedgwick. 

In addition to the four-year courses leading to degrees of 
bachelor of science in any of the divisions of engineering, and 
master’s degrees for graduate work, there has been established 
the degree of civil engineer for distinction in the practice of 
engineering. 

Professor Biegler, who will head the new college came to 
Southern California five years ago after thirteen years of 
teaching at the Universities of Iowa, Illinois, Purdue, and 
Washington State College, and after a number of years with 
the Commonwealth Edison Company in Chicago and the 
Washington Water Power Company of Spokane in an engi- 
neering capacity. 
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SECTIONS AND BRANCHES. 


The North Carolina State College Branch of S. P. E. E. 
was reorganized in October, 1927. There are now twenty-two 
members from the faculties of the Departments of Building 

. Construction, Ceramics, Chemical, Civil, Electrical, and Me- 
chanical Engineering of the College. 

Meetings are held once a month, five so far during the year. 
The papers presented have called forth animated discussion. 
These have been: 

‘‘The Objects and Curriculum of the Course in Building 
Construction,’’ by Associate Professor W. G. Geile. Professor 
Geile has recently come to the College from Yale. 

‘‘The History, Aims, and Accomplishments of S. P. E. E.,”’ 
by Dr. T. P. Harrison, Professor of English. 

‘‘The Course in Engineering at the M. I. T.,’’ by Professor 
C. W. Ricker, Professor of Electrical Engineering. Professor 
Ricker has his degree from Massachusetts Tech. 

‘‘The Results of the Questionnaire on Engineering Curricula 
sent out by the Committee on Investigation and Coordination 
of 8. P. E. E.,’’ by Associate Professor J. M. Foster, of the 
Department of Mechanical Engineering, President of State 
College Branch of the Society. 

Other subjects for general discussion have been the time 
spent by students in preparation for classes and in laborator- 

ies, and the advisability of two- or three-hour examinations. 


The Purdue branch of the S. P. E. E. society held a meet- 
ing on March 9, 1928. The meeting was presided over by 
Prof. O. A. Greiner president of the local branch. 

The subject for discussion was Semester Examinations. 
Prof. L. D. Rowell of the electrical engineering department dis- 
cussed the improvements in studying from semester examina- 
tion. Prof. R. C. Dukes, from the applied mechanies depart- 
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ment, spoke of the improvement made in teaching from se- 
mester examinations, and Prof. H. L. Creek head of the Eng- 
lish department spoke on improvements that could be made in 
semester examinations. 

The subjects discussed proved very interesting and 49 mem- 
bers of the society and instructional force attended the meet- 
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Introductory Mathematics. By JosepH E. Rowe. Prentice- 

Hall, Inc.,N. Y. 285 pages, 6 x 9, $2.50. 

This is a notably different introductory textbook in college 
mathematics. It is intended for use during the entire fresh- 
man year. While it has something of the point of view of an 
orientation course it is complete enough in detail to serve as a 
satisfactory preparation for the study of the calculus. From 
the first chapter to the end of the book is found a wealth of 
thought provoking practical problems decidedly above the con- 
ventional type. 

Under the caption, Some Modern Arithmetic, the first chap- 
ter discusses methods of calculating roots of numbers, the 
metric system, percentage, the arithmetic mean, and mean 
deviation. Chapter II has to do with carefully selected topics 
from elementary and college algebra, and chapter III with the 
quadratic equation. The next five chapters, about seventy-five 
pages, are devoted to trigonometry and logarithms, complex 
numbers and De Moivre’s theorem, and ‘trinometry’ or the 
solution of triangles by the use of an instrument, patented by 
the author, and called the Plane Trinometer. 

Chapter IX of thirty-six pages on Curves and Equations 
omits all reference to polar coordinates but includes changes 
of axes, the general equation of the second degree, and tran- 
scendental equations. The twenty-four pages of Chapter X 
contains an extended discussion of the cubic equation, Horn- 
er’s method, and a general method of solving the quadratic, 
cubic, and biquadratic equations by Professor Oglesby. Then 
follow a dozen pages on permutations, combinations, and 
probability and ten pages on determinants of any order. 
Chapter XIII, the last thirty five pages of the book, paves the 
way for the calculus under the title Instantaneous Variations. 

The author claims priority in the presentation of the Tri- 
nometer and of the Method of Oglesby. The book is com- 
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paratively free from error. A figure on page 276 is slightly 


distorted. The determinant notation, (2) page 236, is not 
ideal. Very rarely are zeros placed before the decimal point 
in the case of numbers less than unity. The best practice also 
prefers to write 25° 08’ rather than 25° 8’. 


K. D. 8. 


Elements of Machine Design. By Hormann anv Sorrto. 
Ginn and Company. Price $3.80. 
The authors of this new text on Machine Design have di- 

vided their book into two main parts. The first division deals 
with the fundamental principles of Machine Design, while the 
second division presents design problems depending upon and 
illustrating these principles as applied to practical design 
work. 

The subject matter together with numerous illustrations give 
the text a very definite appearance as to its purpose. With 
each theoretical principle that is discussed the authors pro- 
vide a practical problem and show in detail the relation and 
application of this principle to the problem. An elegant list 
of problems follow each chapter. One of the outstanding 
features of the book is the absence of empirical formulas, thus 
tending to place this subject on a more definite and teachable 
basis. 

The second division of the text presents a number of design 
applications such as: A toggle joint press, a jib crane, a power 
punch and shear and an overhead traveling crane. Each 
problem is outlined in detail and the theory underlying the 
proper proportioning of the various elements is clearly and 
definitely explained. 

The authors deserve commendation for the manner in which 
they have dealt with this subject and their work represents an 
advance in the subject of Machine Design. 

F, H. 8. 
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